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INTRODUCTION 


Problems  of  handling,  transportation,  and  storage 
of  foods  for  overseas  shipment  during  World  War  II 
emphasized  the  need  for  reducing  the  hulk  of  such 
foods  as  far  as  possible.  Volume  reduction  was  accom- 
plished to  some  extent  through  dehydration.  It  was 
clear,  however,  that  further  savings  In  shipping  space, 
Storage  space,  and  container  materials,  as  well  as 
greater  ease  and  speed  in  handling,  would  be  effected 
if  the  dried  or  dehydrated  products  could  be  com- 
pressed without  damage  into  blocks  or  units  suited  to 
the  feeding  ol  large  groups  of  persons,  stub  as  the 
armed  forces  and  civilian  populations  in  are. is  devas- 
tated by  war. 

The  development  of  satisfactory  compression  pro- 
cedures called  for  considerable  research,  since  there 
Were  few   precedents  on  which   to  draw.      Because   ^( 

the  meat  differences  in  the  physical  and  chemical 


properties  of  foods,  each  product  required  individual 
study  to  determine  its  adaptation  to  compression  and 
the  effect  of  the  process  on  its  palatability,  rehydration 
characteristics,  nutritive  value,  and  storage  life.  Vari- 
ous research  groups  undertook  investigations  to  find 
solutions  to  these  problems. 

I  his  publication  reports  the  results  of  investigations 
on  compressed  dehydrated  foods  that  were  under- 
taken b\  the  bureau  ^i  Agricultural  and  Industrial 
Chemistry,  through  its  Western  Regional  Research 
Laboratory,  Albany,  Calif.;  the  bureau  o(  Plant  In- 
dustry, Soils,  and  Agricultural  Engineering,  Beltsville, 

Md.:  and  the  Bureau  o(  Human  Nutrition  and  Hom 

I  conomics,  Beltsville.  These  investigations  were  ini- 
tiated in  1942  at  the  Western  Regional  Research 
Laboratory  as  an  incidental  part  kA  .\  general  research 
program  dealing  with  the  production,  impro> 
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and  utilization  of  dehydrated  foods.  In  the  course  of 
this  program  the  feasibility  of  attaining  a  material 
reduction  in  the  bulk  density  of  several  commodities 
was  demonstrated  and  tentative  compression  proce- 
dures were  developed  ((5).1 2 

In  October  1943  a  more  extensive  program,  desig- 
nated "The  Food  Compression  Research  Project," 
was  instituted  under  the  auspices  of  the  Agricultural 
Research  Administration,  and  various  phases  of  the 
projected  work  were  assigned  to  the  three  agencies 
named.  The  types  of  products  brought  under  inves- 
tigation were:  Dehydrated  vegetables  and  fruits, 
spray-dried  egg  powder,  white  and  whole-wheat  flours, 
rolled  oats,  soya  flour,  and  pea-soya  and  cheese-soya 
soup  powders. 

In  August  1944  the  work  was  discontinued  as  a  war 
project,  partly  because  a  decrease  in  the  need  for 
extreme  conservation  of  shipping  space  appeared 
certain,  and  partly  because  it  was  improbable  that 
the  results  of  continued  research  could  be  applied  in 
commercial  practice  at  a  sufficiently  early  date  to  be 
of  significant  aid  in  the  handling  of  war  foods. 
Difficulties  in  obtaining  essential  special  equipment 
under  war  conditions  had  slowed  the  progress  of  the 
work  seriously,  and  consequently  the  well-rounded 
program  originally  projected  had  been  only  partly 
completed  at  the  time  the  work  was  terminated. 
However,  it  is  believed  that  the  results  presented 
herein,  though  incomplete,  constitute  a  good  ground- 
work upon  which  to  base  further  development  of 
food-compression  techniques.  Further  development 
of  commercially  practicable  procedures  for  compress- 
ing certain  commodities  in  peacetime  is  believed  a 
possibility,  particularly  in  those  instances  where  cool 
conditions  or  refrigeration  is  required  in  transport- 
ing and  storing  the  food. 

DEFINITIONS  OF  TERMS 

Since  certain  technical  expressions  used  in  the  dis- 
cussion of  the  experimental  data  may  need  inter- 
pretation, brief  definitions  of  these  terms  follow. 

Block  Density. — The  apparent  density  of  the 
compressed  food  block  as  determined  by  its  weight 
and  cubic  content  expressed  in  terms  of  pounds  per 
cubic  foot.  Where  the  blocks  have  slightly  convex 
faces  maximum  dimensions  are  used  to  compute 
volume. 


1  Italic  numbers  in  parentheses  refer  to  Literature  Cited, 
p.  57 

2  U.  S.  Department  of  Agriculture,  Western  Regional 
Research  Laboratory,  information  sheet  on  compression 
of  dehydrated  fruits  and  vegetables.  U.  S.  Bur.  Agr. 
and  Indus.  Chem.,  Inf.  Sheet  AIC-5,  [5]  pp..  1943. 
[Mimeographed.] 


Density  Before  Compression. — As  used  in  this 
discussion,  the  weight  of  material  required  to  fill, 
with  gentle  shaking,  a  vessel  of  known  volume. 
Densities  of  commercial  shipments  are  frequently 
higher;  this  is  especially  true  of  dehydrated  cabbage, 
which  is  generally  compacted  to  a  density  of  20  to  22 
pounds  per  cubic  foot  in  the  commercial  5-gallon 
container.  Densities  of  commercially  packed  fruits 
are  also  higher  because  pressing  or  other  debulking 
(bulk  or  volume  reducing)  procedures  are  usually 
employed  during  packaging. 

Dwell. — The  length  of  time  the  maximum  pres- 
sure is  applied  to  the  block. 

Fines. — The  smaller  fragments  of  dehydrated  vege- 
table that  are  formed  by  the  breaking  or  crushing  of 
the  product  under  certain  compression  conditions  or 
during  handling. 

Moisture  Content. — Expressed  here  on  the  moist- 
weight  basis.  The  moisture  content  of  egg  powder 
was  determined  by  methods  prescribed  in  current 
United  States  Quartermaster  Corps  specifications.3 
The  procedure  for  dehydrated  vegetables  involved 
determination  of  the  loss  in  weight  upon  drying  finely 
ground  samples  in  a  vacuum  for  16  hours  at  70°  C. 
(158°  F.),  according  to  directions  given  in  a  previ- 
ous publication  (5,  pp.  145-146).  The  moisture  con- 
tent of  fruits  was  determined  by  the  same  procedure 
except  that  the  samples  were  passed  through  a  hand 
meat  grinder  instead  of  being  reduced  to  a  powder. 
Moisture  in  cereal  and  soya  products  was  deter- 
mined according  to  methods  of  the  Association  of 
Official  Agricultural  Chemists. 

Nip  Period  and  Clear  Period. — Respectively,  the 
time  required  to  build  up  pressure  from  a  barely  per- 
ceptible value  to  the  ultimate  attained,  and  the  time 
elapsed  in  reducing  the  pressure  to  zero.  Recording 
of  these  factors,  especially  nip,  was  considered  im- 
portant in  the  compression  of  egg  powder.  Under 
certain  conditions  short  nip  periods  had  a  tendency 
to  cause  air  entrapment,  which  subsequently  resulted 
in  the  cracking  of  the  egg-powder  block.  Where  nip 
and  clear  periods  are  not  given  the  time  was  generally 
the  minimum  attainable  with  the  equipment  em- 
ployed. In  such  cases  the  nip  period  ranged  from 
about  2  to  10  seconds,  depending  on  the  equipment 
and  height  of  fill,  and  the  clear  was  practically  in- 
stantaneous. 

Organoleptic  Quality. — The  acceptability  of  the 
material  after  preparation  as  a  cooked  but  unseasoned 
food.    Tests   determining   organoleptic   quality    take 

3  [U.  S.  Army]  Quartermaster  Corps  (Subsistence  Labo- 
ratory), tentative  specification  for  egg,  powdered. 
CQDNo.  117,No.  117A,9  pp.     1943-44.     [Mimeographed.] 


ilinto  consideration  the  combined  effects  of  such 
(characteristics  as  taste,  flavor,  color,  texture,  and 
t  general  appearance. 

Percentage  Volume  Reduction. — The  term  ap- 
plied to  the  quotient  determined  by  the  formula 


xioo 


where  V  i  is  the  volume  of  the  uncompressed  material, 
and  V 2  is  the  final  volume  of  the  compressed  block. 
In  terms  of  density  the  percentage  volume  reduction  is 


d2—dx 
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where  d\,  is  density  of  the  material  before  compression 
and  il,  is  the  density  of  the  compressed  block. 

Pressure. — The  maximum  force,  in  pounds,  ap- 
plied per  square  inch  of  the  block  face  in  contact  with 
the  moving  die. 

Reconstitution. — The  process  of  preparing  dehy- 
drated foods  for  use  by  restoration  of  water  (rehydra- 
tion). 

Rehydration  Ratio. — The  absolute  gain  in  weight 
l>\  the  dry  sample  through  the  absorption  of  water 
during  reconstitution;  defined  as  the  ratio  of  the  weight 
of  the  rehydrated  material  to  the  weight  of  the  dried 
material  from  which  it  is  derived. 

Wet-Bulb  and  Dry-Bulb  Temperatures. — Read- 
ings of  wet-bulb  (/„,)  and  dry-bull)  (/,,)  thermometers 
in  the  conditioning  cabinets  and  dehydration  equip- 
ment. The  difference  in  the  readings  gives  a  measure 
of  the  humidity  of  the  air  and  its  dehydrating  effec- 
tiveness. 

GENERAL  PROBLEMS  IN  FOOD  COMPRESSION 

The  production  of  satisfactory  compressed  dehy- 
drated food  products  is  influenced  by  a  number  of 
factors,  among  which  the  following  are  of  chief 
importance. 

Breakage  and  the  Production  of  Fines 

Under  certain  conditions  the  compression  of  dehy- 
drated foods  results  in  breaking  and  crushing  of  the 
food  pieces  or  particles.  With  such  products  as 
powdered  soups,  flour,  and  powdered  eggs,  diis  does 
not  present  a  problem,  but  with  other  foods  breakage 
and  crushing  can  seriously  detract  from  the  quality  of 

the  reconstituted  dehydrated  product. 

Crushing,  and  sometimes  breakage,  m.iv  result  in 
the  formation  of  powdery  material,  or  lines.  A  con- 
siderable amount  of  lines  can  so  alter  the  character  of 
the  cooked  materia]  .is  to  be  very  objectionable.    As 


an  example,  the  production  of  fines  in  dehydra 
potatoes  causes  the  liberation  of  free  starch  through 
fracturing  of  cells.  When  the  material  is  reconsti- 
tuted and  cooked,  the  starch  swells  and  gives  the 
product  a  waxy  or  pasty  character  which  greatly 
detracts  from  its  palatability.  In  cabbage  also  a 
large  percentage  of  fines  is  highly  objectionable.  In 
fact,  for  best  texture  a  low  percentage  of  fines  is 
necessary  in  all  dehydrated  vegetables. 

The  moisture  content,  the  presence  of  natural 
sugars  and  other  chemical  constituents,  and  the 
temperature  at  which  compression  is  done  all  aff 
the  plasticity  of  the  material  and  thus  influence  the 
amount  of  fines  produced.  The  effect  of  these  factors 
will  be  considered  further  in  the  discussion  of  the 
compression  characteristics  of  the  specific  food 
products. 

One  of  the  objectives  of  the  compression  experi- 
ments was  to  determine  conditions  that  would  hold 
production  of  fines  to  less  than  5  percent  in  products 
susceptible  to  damage  through  breakage  and  crush- 
ing. With  several  commodities  the  compression 
procedures  developed  resulted  in  no  detectable  in- 
crease in  fines. 

The  proportion  of  fines  in  compressed  vegetable 
blocks  was  determined  by  soaking  the  samples  in 
water  long  enough  for  them  to  disintegrate,  separat- 
ing the  fines  by  means  of  a  4-mesh  sieve,  and  cal- 
culating the  percentage.  The  blocks  were  rehydrated 
for  16  hours  in  cool  water,  and  the  fines  were  then 
separated,  dried,  and  weighed.  The  percent. me  was 
determined  after  an  appropriate  correction  had  been 
made  for  the  loss  of  soluble  solids,  through  the  use 
a  predetermined  factor.  In  some  preliminary  tej 
where  more  speed  and  less  aeeur.iev  were  required, 
water  at  aboul  150°  1'.  was  used  in  the  soak,  which 
brought  about  disintegration  in  less  than  1;  hours. 
The  fines  separated  with  a  4-mesh  screen  were  then 
measured  bv   volume  in  the  wet  condition. 

No  satisfactory  direct  method  has  vet  been  devel- 
oped for  determining  the  percentage  ^i  tines  in 
rehydrated  compressed  cabbage  and  onions.     With 

these     products    organoleptic     tests    appeared     to    be 

reasonably  dependable  criteria  of  the  amount  o(  tines 
present.  Excessive  tines  in  compressed  cabbage  and 
onions  result  in  reconstituted  products  that  differ 
considerably  in  texture  and  appearance  from  the 
reconstituted  uncompressed  material.  Consequently, 
the  percentage  o(  lines  produced  during  compression 
of  these  two  commodities  was  judged  to  be  satisfac- 
torily low  when  the  uncompressed  and  the  com- 
pressed products  were  indistinguishable  in 
respects. 


Besides  producing  fines,  compression  under  undesir- 
able conditions  can  bring  about  breakage  or  frag- 
mentation of  the  food  piece  not  necessarily  accom- 
panied by  the  formation  of  an  undesirably  large 
amount  of  fines.  Breakage  can,  however,  have  a 
deleterious  effect  on  organoleptic  quality.  For 
example,  breakage  of  skins  or  pits  of  fruits  occurs 
under  some  compression  conditions,  and  this  obviously 
reduces  the  acceptability  of  the  product.  With  diced, 
sliced,  or  stripped  vegetables,  the  eye  appeal  of  the 
reconstituted  product  is  considerably  greater  when  the 
food  pieces  are  whole  and  clean-cut  than  when  they 
are  broken  and  not  of  reasonably  uniform  size.  There- 
fore compression  conditions  resulting  in  the  least 
possible  breakage  were  sought.  The  criterion  em- 
ployed in  determining  whether  or  not  excessive 
breakage  occurred  consisted  in  simply  comparing  the 
appearance  of  reconstituted  samples  of  the  un- 
compressed and  compressed  material.  When  the 
compressed  sample  compared  favorably  with  the 
uncompressed,  breakage  was  considered  to  be  satis- 
factorily low.  This  test  actually  comprised  a  part  of 
the  more  general  organoleptic  test. 

Coherence 

Good  coherence  in  compressed  food  blocks  is 
generally  a  requirement.  It  facilitates  packaging  and 
later  handling.  The  ease  with  which  satisfactorily 
cohesive  blocks  of  different  foods  are  formed  varies 
with  their  individual  characteristics  of  physical 
structure  and  chemical  constitution.  It  is  consider- 
ably influenced  by  the  moisture  content  of  the 
material,  by  its  temperature  at  the  time  of  com- 
pression, and  to  some  extent  by  the  way  the  pressure 
is  applied.  In  compressing  powders,  if  pressure  is 
applied  too  rapidly  or  provision  has  not  been  made 
for  the  escape  of  occluded  air,  the  block  is  likely  to 
crack  or  shatter  when  pressure  is  released. 

Blocks  of  dehydrated  foods  have  a  tendency  to 
expand  more  or  less  after  removal  from  the  press. 
Because  expansion  has  a  tendency  to  reduce  the  co- 
hesiveness  of  the  block,  conditions  that  will  hold 
expansion  to  a  minimum  are  usually  selected.  In 
general,  longer  dwell  periods  tend  to  decrease  the 
tendency  to  expand.  Short  dwells,  however,  favor 
high  production  and  can  be  used  in  practice  provided 
expansion  is  restricted  by  placing  the  blocks  under 
restraint  shortly  after  they  are  ejected  from  the  press. 
With  some  products  this  restraint  may  be  applied  in 
the  form  of  suitable  wrappings.  In  other  cases 
expansion  can  only  be  prevented  through  the  use  of 
holding  presses  designed  to  hold  the  blocks  under 
light  restraint  until  they  have  cooled  to  near  room 
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temperature.  Blocks  of  all  products  except  certain 
fruits  lose  practically  all  tendency  to  expand  when  cool. 
Descriptions  of  suitable  holding  presses  are  given  later 
in  connection  with  a  discussion  of  procedures  and 
equipment. 

With  dried  apricots,  peaches,  prunes,  and  cran- 
berries, the  initial  cohesion  is  not  permanent,  and 
packaging  in  containers  of  considerable  rigidity  is 
required  to  retain  block  form  and  size.  Egg  powder 
containing  2  percent  moisture  also  presents  a  problem, 
since  the  compressed  blocks  often  are  not  satisfactorily 
cohesive.  Compression  of  the  material  directly  in  the 
final  container  appears  to  be  one  possible  way  of  over- 
coming this  deficiency.  Such  special  cases  will  be 
considered  later  when  discussing  the  compression 
characteristics  of  the  individual  commodities. 

Density 

From  the  standpoint  of  saving  storage  and  shipping 
space  maximum  reduction  in  bulk  is  desirable,  but 
several  practical  considerations  must  be  taken  into 
account.  In  some  cases  the  formation  of  blocks  of 
the  highest  possible  density  is  not  desirable  because 
palatability  and  nutritive  values  are  adversely  affected 
and  the  permeability  of  the  block  is  so  reduced  as  to 
render  rehydration  very  difficult.  Higher  densities 
are  generally  effected  through  the  use  of  higher  press- 
ures and  longer  dwells,  which  increase  the  cost  of  the 
press  operation.  There  is  a  degree  of  density  beyond 
which  it  is  not  profitable  to  go,  the  greater  density 
obtained  at  higher  pressures  and  longer  dwells  not 
being  sufficient  to  warrant  the  higher  cost.  In  the 
experimental  work  and  in  the  tentative  procedures 
set  forth  here,  these  and  related  matters  have  been 
taken  into  consideration. 

Rehydration  of  Compressed  Foods 

Matters  related  to  the  rehydration  of  compressed 
dehydrated  foods  are  of  practical  concern  to  prospec- 
tive users  of  these  foods.  If  long  soaking  is  required, 
the  element  of  convenience  is  lost  and  the  leaching 
out  of  valuable  constituents  into  the  water  reduces 
the  nutritive  value  of  the  food.  The  length  of  time 
required  for  rehydration  should  not  materially  exceed 
that  needed  for  rehydrating  the  uncompressed  prod- 
uct. In  the  work  reported  here,  the  effort  was  made 
to  determine  conditions  under  which  satisfactory 
reduction  in  bulk  could  be  effected  with  a  minimum 
of  time  required  for  rehydration. 

Where  the  blocks  could  readily  be  broken  up  by 
hand  without  damage  to  the  material,  it  was  found 
that   the  same   reconstitution   procedures   could   be 


applied  to  the  compressed  foods  as  to  the  uncom- 
pressed. If,  however,  the  individual  particles  were 
cemented  together  to  a  considerable  degree,  it  was 
found  desirable  to  disintegrate  the  blocks  by  soaking 
them  in  water. 

The  time  required  for  disintegration  by  soaking 
depends,  it  was  learned,  on  the  physical  properties  of 
the  blocks,  and  consequently  it  varies  with  different 
products.  Producing  blocks  that  will  completely 
disintegrate  after  soaking  for  1  hour  or  less  appeared 
to  be  a  desirable  aim.  One-pound  blocks  fulfilled 
this  condition  in  all  cases. 

Some  products  were  found  to  require  soaking  in  hot 
water  to  insure  rapid  disintegration.  In  most  of  the 
cases  where  soaking  in  hot  water  for  a  considerable 
time  was  necessary  it  was  found  desirable  to  avoid 
block  densities  in  excess  of  60  pounds  per  cubic  foot. 
Blocks  with  higher  densities  generally  retain  a  dry 
core,  and  the  heat  tends  to  impart  an  undesirable 
scorched  taste  to  the  dry  material. 

Once  the  blocks  are  completely  disintegrated  the 
cooking  procedures  applicable  are  practically  the 
same  as  for  the  uncompressed  material.  Experiments 
concerned  with  the  determination  of  best  methods  for 
rehydrating  the  products  will  be  discussed  later. 

Size  and  Shape  of  Food  Blocks 

Number  of  persons  to  be  served  is  probably  of  first 
importance  among  the  factors  determining  the  most 
desirable  size  of  food  block.  Other  factors  include 
the  character  of  the  food,  its  adaptation  to  compres- 
sion, and  the  ease  with  which  reconstitution  is  effected. 
From  the  standpoint  of  the  food  manufacturer  the 
productive  capacity  of  the  food  press  is  of  great 
importance,  for  economy  of  operation  demands 
reasonably  large  output.  The  rate  of  production  of 
compressed  blocks  is  limited  primarily  by  the  speed 
of  press  charging,  compressing,  and  ejecting  motions. 
Within  the  working  range  of  a  given  press  large  or 
small  blocks  can  be  produced  at  nearly  the  same  rate. 
Consequently,  the  production  capacity  of  a  single- 
block  press  on  a  weight  basis  depends  considerably 
on  the  weighl  of  the  Mock  produced.  The  sizes  and 
costs  of  similar  presses  are  closely  related  (o  the  si/c 
of  (he  block  that  can  be  handled,  and  these  factors 
should  be  considered  in  determining  the  size  iA  block 
to  be  produced. 

Blocks  of  a  si/c  to  provide  50  servings  were  proposed 

lor  army  use.  For  (he  majorii\  of  the  commodities 
studied  such  units  Weighed   from    1    to  3   pounds,   ami 

these  sizes  appear  practical  from  the  standpoint  oi' 
case  oi  rehydration  and  packaging. 
Much  hea\  ht  blocks  were  suggested  for  egg  powder, 


and  blocks  weighing  as  much  as  14  pounds  were  made 
in  a  10-  by  7'4-inch  mold.  These  were  satisfacti 
from  a  usage  standpoint,  as  portions  could  be  removed 
from  the  block  as  needed.  Large  blocks  of  dehydrated 
apricots,  peaches,  and  prunes  are  also  practical  be- 
cause they  lose  coherence  when  removed  from  the 
boxes  required  for  their  packaging  and  the  desired 
portions  can  be  easily  broken  off.  Blocks  of  these 
fruits  weighing  16  pounds  were  made  in  the  course 
of  the  studies.  It  is  doubtful,  however,  that  lar  _"• 
units  of  such  very  cohesive  materials  as  dehydrated 
onions,  apple  nuggets,  etc.,  would  prove  practical 
because  of  difficulty  in  removing  portions  and  the 
slowness  with  which  they  disintegrate  when  the  entire 
block  is  rehydrated.  Also,  where  it  is  necessary  to 
heat  the  material  before  compression  it  would  be 
difficult  to  cool  very  large  blocks  fast  enough  to  pre- 
vent heat  damage.  Blocks  of  most  of  the  products 
studied  weighed  from  2  ounces  to  2  pounds. 

Food  blocks  may  be  of  various  shapes,  depending 
on  the  character  of  the  material,  but  the  rectangular 
form  is  preferred  because  it  is  easy  to  wrap  and  handle 
and  economical  of  space.  In  the  experiments  the 
ratio  of  block  width  to  length  varied  from  1  to  0.5, 
and  that  of  thickness  to  width  from  0.3  to  0.8.  These 
proportions  were  usually  found  satisfactory.  Rectan- 
gular molds  ranging  in  cross  section  from  approxi- 
mately 3  by  5  to  6%  by  4\  inches  were  employed  for 
blocks  weighing  1  or  2  pounds.  A  cylindrical  mold 
2\  inches  in  diameter  and  a  rectangular  mold  2  by  3 
inches  were  used  in  preliminary  laboratory  tests. 

Mechanical  strength  of  the  block  is  an  important 
consideration,  but  blocks  should  be  as  thin  as  per- 
missible in  order  to  facilitate  both  post-completion 
cooling  and  disintegration  during  reconstitution.  A 
lew  preliminary  experiments  indicated  that  wafer- 
thin  blocks  (about  one-eight  to  one-quarter  inch 
thick)  can  be  formed  successfully  from  vegetable 
strips  or  dice  without  excessive  fragmentation,  and 
that  these  disintegrate  very  readily  in  water.  A  spe- 
cial type  of  press  might  be  visualized  in  which  a  con- 
tinuous sheet  o(  such  compressed  material  could  In- 
formed and  cut  into  rectangular  pieces  which  could 
be  stacked  to  form  bricks  weighing  1  or  2  pounds 
each. 

food  blocks  are  usually  formed  in  molds  so  designed 
that  the  moving  die  strikes  die  Mock  face  having  the 
largest  area.    Although  a  greater  force  is  required  to 
exert  a  given  pressure  on  the  larger  area,  this 
has  distinct  advantages.      I  he  mold  cavity  is  n 
easily   charged,  a  comparatively  shallow-  mold 
may  be  used,  and  the  distance  the  ram  must  travel  is 
reduced.      1  hesr  factors  permit  reduction  in  i 


Figure  1. — Typical  food  blocks  prepared  in  the  experiments.  The  smallest  blocks  weigh  1  pound  and  measure 
approximately  3  by  5  by  2  inches.  The  large  block  measures  approximately  7  by  10  by  6  inches  and  contains 
14  pounds  of  egg  powder.     All  blocks  are  wrapped  in  heat-sealed  cellophane. 


Ind  effect  savings  which  tend  to  compensate  for 
higher  hydraulic  pumping  costs. 

For  a  given  compression  procedure  the  area  of  the 
pressing  face  of  the  block  is  limited  by  the  force  that 
the  press  can  exert.  Choice  of  block  shape  may  fre- 
quently be  limited  when  compressing  a  block  of  large 
volume  at  high  pressure  if  the  press  is  not  designed  for 
the  work,  [f  the  press  cannot  exert  sufficient  pressure, 
use  of  one  of  the  smaller  surfaces  of  the  block  as  the 
pressing  face  may  sometimes  be  permissible.  How- 
es er,  this  practice  is  definitely  limited  by  the  depth  of 
the  mold  box,  the  length  of  the  press  ram,  and  the 
compression  and  flow  characteristics  of  the  commodity 
handled.  In  practically  all  the  work  reported  here 
the  block  surface  with  the  largest  area  was  used  as  the 
pressing  face. 

Typical  blocks  of  different  commodities  are  shown 
in  figure  1 . 

Organoleptic  Quai  i  i  y 

Obviously  little  would  be  gained  by  compressing 
dehydrated  foods  if  palatability  were  substantially 
lowered  in  the  process.  When  foods  have  lost  their 
taste  appeal,  much  of  their  value  is  gone.  Physical 
damage  and  exposure  to  conditions  that  bring  about 
chemical  change  can  seriously  affect  the  texture, 
color,  taste,  flavor,  and  appearance  of  dehydrated 
foods.  The  organoleptic  quality  of  the  products, 
both  before  and  after  compression,  was  therefore 
carefully  studied.  The  scoring  was  done  by  tasting 
panels,  the  members  of  which  had  considerable  expe- 
rience and  training  in  evaluating  dehydrated  foods. 
'I  he  methods  employed  in  determining  organoleptic 
quality  and  the  results  obtained  with  the  various 
commodities  will  be  discussed  in  later  sections. 

Storage  Life 

It  is  well  known  that  deterioration  of  organoleptic 
quality  and  nutritive  values  occurs  when  dehydrated 
foods  are  stored  at  normal  temperatures  for  prolonged 
periods.  Naturally  it  is  highly  desirable  that  the 
rate  of  deterioration  be  no  greater  for  a  compressed 
product  than  for  the  uncompressed. 

Two  questions  arise  from  speculation  as  to  whether 

Compression   leads   to  a   change  in  storage   properties. 

(h  Does  compression  reduce  the  oxygen  content  oj 

hermetic. ill\  scaled  containers  sufficiently  to  improve 
storage  properties?  (2)  Is  there  a  change  in  storage 
properties  due  to  (he  more  intimate  contact  of  dis- 
similar components  in  compressed  material.' 

With  reference  to  the  first  question,  it  should  be 
mentioned  that  gas  packing  in  scaled  metal  contain- 
ers is  now    required  for  cabbage,  carrots,  m\A  certain 
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Other  dehydrated  foods  sold  undei    Go  •  ait  con- 

tract.   Flavor,  color,  and  vitamins  are  retained  lo 
through   the  elimination  of  oxygen  and   its  rep] 
ment    with    an    inert    gas.    Gas-packing    procedu 
prescribed  in  Government  specifications  are  directed 
toward  the  attainment  of  package  atmospheres  con- 
taining not  more  than  2  percent  oxygen. 

The  reduction  in  oxygen  content  brought  about  b\ 
compression  can  readily  be  calculated.  Uncompressed 
dehydrated  diced  carrots,  for  example,  are  commer- 
cially packed  20  pounds  to  the  5-gallon  can.  A  5- 
gallon  can,  if  allowance  is  made  for  10  percent  of 
unused  space,  will  contain  39  pounds  of  the  material 
in  block  form  (block  density,  65  pounds  per  cubic 
foot).  Then,  taking  95  pounds  per  cubic  foot  as  the 
true  density  of  the  dehydrated  product,  simple  cal- 
culations show  that  the  amount  of  oxygen  present  per 
unit  weight  of  food  for  loose  and  compressed  packs 
that  contain  air,  and  for  loose  and  compressed 
material  packed  in  gas  with  a  2-percent  oxygen  con- 
tent will  be  as  follows: 

Oxygen 

Cubic  feel  per 
100  pounds  of 

Type  of  pack:                                                  food  Ratio  1 

Loose,  air 0.48  37 

Compressed,  air .14  11 

Loose,  gas .046  3 .  5 

Compressed,  gas .013  1  .0 

1  Amount  of  oxygen  present  per  unit  weight  <>f  food,  on  basis 
of  that  in  compressed  gas  pack. 

From  these  figures  it  is  apparent  that  compression 
of  carrots  effects  a  more  than  threefold  reduction  in 

the  amount  of  oxygen  available  per  unit  weight  of 
food.      It    would   seem    possible    that    this   could    result 

in  improved  storage  properties  in  both  air  packing 

and    gas    packing.     At    the   same    lime    ii    is   seen    that 

packing  the  loose  material  in  gas  is  considerably  more 
effective  in  reducing  the  amount  of  oxygen  than  is 
compression  alone. 

With    regard    to   the  second   question,    ii    is   obvious 

thai  compression  does  result  in  much  closer  contact 
of  food  pieces  and  panicles,  and  it  is  conceivable  thai 
such  contact  ma}  have  an  effect  on  storage  life.    1  his 

might  apply,  for  example,  in  instances  when-  the  ioiK\ 
material    is    made   up   oi  several   components,    one   oJ 

which    possesses   antioxidant    properties.    Abo.    u    is 

possible  lhai  one  component  might  contain  a  sub- 
stance thai  would  hasten  the  deterioration  o(  other 
components,  and  thai  more  intimate  contact  would 
intensify  this  effect. 

I  hese  possibilities  indicated  thai  it  was  ad\  s 
to  investigate  the  relation  between  compi   -  ^ 


Figure  2. 


-Conditioning  bins  for  adjusting  the  moisture  content  and  temperature  of  dehydrated  food  in  preparation  for 
compression.     A  40-ton  food  press  is  shown  in  the  background. 


storage  life,  and  such  a  study  was  initiated.  This 
study  naturally  called  for  many  months  of  storage  to 
make  possible  a  significant  evaluation  of  the  effects. 
The  investigation  ended  before  it  was  possible  to 
accumulate  comprehensive  data.  Such  information 
as  was  obtained  is  given  in  connection  with  the  dis- 
cussion of  the  individual  products. 

PROCEDURES  AND  EQUIPMENT 

Conditioning  the  Food  Product 

Most  dehydrated  foods  must  be  subjected  to  a  con- 
ditioning process  before  they  are  ready  for  compres- 
sion. Conditioning  involves  the  establishment  of 
proper  moisture  and  temperature  relations.  That  is, 
the  material  must  be  heated  to  a  certain  temperature 
in  order  to  promote  cohesion  and  sufficient  plasticity 
to  avoid  significant  fragmentation  during  compres- 
sion. Also,  uniform  moisture  distribution  must  be 
established  to  assure  proper  performance  of  the  mate- 
rial during  compression. 

The  moisture  contained  in  dehydrated  food  prod- 
ucts as  they  come  from  the  commercial  drier  is  rarely 
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uniformly  distributed.  Usually  the  surfaces  of  the 
food  pieces  are  at  considerably  lower  moisture  levels 
than  the  centers,  and  consequently  the  material  will 
not  compress  satisfactorily.  Uniform  distribution  of 
the  moisture  can  be  obtained  by  storage  at  room 
temperature  for  several  days,  and  satisfactory  homo- 
geneity can  be  brought  about  in  a  relatively  short 
time  by  heating  the  material  in  recirculated  air  under 
carefully  controlled  conditions  of  temperature  and 
humidity. 

Since  the  heat  required  for  prompt  conditioning  and 
satisfactory  compression  will  cause  deterioration  of  the 
food  on  prolonged  exposure,  it  is  essential  that  the 
weight  of  material  held  in  the  conditioning  equipment 
be  balanced  against  the  production  capacity  of  the 
compression  plant  so  that  the  food  is  exposed  to  high 
temperatures  for  as  short  a  time  as  possible. 

Stored  dehydrated  foods  in  which  the  moisture  was 
uniformly  distributed  were  conditioned  in  a  short  time 
and  without  noticeable  impairment  of  organoleptic 
quality  in  a  cabinet-type  cross-flow  drier  modified  to 
function  as  a  conditioner  by  controlling  the  humidity 


so  as  to  avoid  surface  drying.  Weighed  portions  of 
I  the  material  were  placed  on  the  trays  in  wire-mesh 
baskets.  The  heating  time  required  ranged  from 
liabout  5  to  30  minutes,  depending  on  the  commodity 
liand  the  conditions.  The  velocity  of  the  air  across  the 
II trays  was  approximately  500  feet  per  minute.  In  most 
If  cases  the  materials  compressed  satisfactorily  after  being 
■  heated  for  15  minutes.  In  some  preliminary  work  the 
I, material  was  placed  in  closed  containers  and  heated 

■  in  a  constant-temperature  laboratory  oven.    This  pro- 

■  cedure  generally  gave  satisfactory  results,  but  the 
I  circulating-air  method  is  much  more  rapid  and  more 

,|  adaptable  to  commercial  practice.  Wet-  and  dry-bulb 
it  temperatures  applicable  to  the  conditioning  of  materials 

■  that  contain  uniformly  distributed  moisture  are  given 
4  later  in  discussing  the  compression  characteristics  of 
I  specific  foods. 

For  use  in  conditioning  experimental  batches  of  de- 
li hydrated  materials  a  triple  conditioning-bin  unit  was 
|  developed  in  the  Beltsville  laboratory  (fig.  2).     Each 

in  bin  has  a  capacity  of  10  cubic  feet  and  may  be  oper- 
ated as  an  individual  unit  with  separate  temperature 
control  and  recorder.  The  bins  are  connected  to  an 
air-circulating  fan  and  hot-water  heat  exchangers 
which  can  be  regulated  to  give  any  rate  of  air  flow  up 
to  4,000  cubic  feet  per  minute  and  temperatures  within 
the  range  of  100°  to  210°  F.  One  of  these  bins  is 
equipped  with  a  controlling  and  recording  psychrom- 
eter  which,  through  activation  of  a  special  steam  valve 
inserted  into  the  air  duct,  automatically  controls  the 
humidity  of  the  air. 

Designs  for  suitable  conditioning  units  may  vary 
greatly  but  will  be  considerably  influenced  by  the 
commodities  to  be  handled,  the  distribution  of 
moisture  in  the  dehydrated  product,  and  the  size  of 
the  compression  plant.  Conditioners  designed  to 
permit  continuous  instead  of  batch  operation  have 
been  suggested.  The  designs  are  alon»  the  lines  of 
those  for  tunnel  driers. 

Food  Presses  L'si  i> 

plow-Acting  Presses 

Some  of  the  work  was  done  with  hand-operated 
hydraulic  presses  of  the  Carver  laboratory  type,  one 
of  which  is  shown  in  figure  3.  This  type  of  press  is 
widely  used  in  research  work  where  small  samples 
are  under  study.  ll  is  ordinarily  operated  witli 
round  steel  molds  ranging  up  to  31-..  inches  in  diameter. 
Special  rectangular  molds  were  provided  lor  this  work. 

Figure  3  shows  such  a  mold  fitted  to  the  Carver  press. 

In    early    work    on    larger    blocks    an    electric. tll\ 

powered    50-ton    hydraulic   press,    manufactured    b) 


the  Elmes  Engineering  Works,  was  used  fig  *  and  5). 
These  presses  were  slow  acting  and  were  not  fitted 
with  stripping  and  ejecting  mechanisms.  Chat 
the  molds,  performing  the  compression  operation  (in 
the  case  of  the  small  press),  stripping  the  mold,  and 
removing  the  block  were  therefore  manual  operations 
and  considerably  slower  than  would  be  the  case  in 
commercial  practice  with  equipment  speciallv  de- 
signed for  the  work.  With  the  1. lines  press  the  speed 
of  ram  movement  during  practically  the  entire  stroke 
was  approximately  1  inch  per  second.  Manual 
ejection  of  the  block  from  the  mold  required  12  to  15 
seconds. 

The  molds  used  with  these  presses  were  of  various 
types.  In  some  the  mold  box  and  lower  die  wen- 
fixed  and  the  upper  die  was  movable,  and  in  others 
the  mold  box  was  suspended  or  floating  with  both  dies 
movable.  In  compressing  egg  powder  special  pro- 
vision was  made  for  evacuating  the  air  from  the 
molds,  the  dies  being  perforated  and  the  perforations 
connecting  with  channels  leading  to  the  vacuum 
pump.     Figure  6  shows  some  of  the  different  molds 


Fiquri  I  \  press  ol  the  t\  pe  used  in  man)  ol  the  expei  in 
.;.  A  food  block  iim  ejected  from  the  mold  box;  ■-.  u 
platen; ..  mold  box;  .'.  l.>u<-i  die;   .  lower  platen 


used,  and  figure  7  is  a  line  drawing  of  some  of  the 
details  of  the  vacuum  mold. 

Mold  clearances,  expressed  as  differences  in  dimen- 
sions of  the  mold-box  interiors  and  the  die  exteriors, 
ranged  from  0.004  to  0.020  inch  for  the  various  molds 
used.  Under  the  test  conditions  it  was  found  desirable 
to  maintain  clearances  of  about  0.010  inch  in  order  to 
facilitate  escape  of  air.     In  compressing  egg  powder, 


Figure  4. — A  50-ton,  electrically  powered  hydraulic  press  with 
mold,  used  in  some  of  the  food-compression  work.  The 
equipment  is  shown  in  position  for  ejecting  the  block.  A 
compressed  block  (a)  can  be  seen  emerging  from  the  top  of 
the  mold  box  (b).  The  platens  (c)  are  heated  by  circulating 
water. 

vertical  grooves  %2  inch  wide  and  %6  inch  deep, 
spaced  %  inch  apart,  were  machined  in  the  mold  box 
interiors  of  certain  molds  to  aid  in  the  escape  of  air. 
Excessive  clearances  resulted  in  the  jamming  of 
material  between  the  die  and  mold-box  surfaces  and 
tended  to  produce  blocks  with  sharp  extruded  edges. 
Such  jamming  action  is  also  capable  of  diverting  con- 
siderable pressure  from  the  block. 

Use  of  a  mold  box  with  right-angled  corners  and  of 
flat-faced  male  dies  generally  results  in  the  formation 
of  blocks  with  sharp  edges  that  tend  to  cut  or  punc- 
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Figure  5. — The  heated  material  is  here  being  charged  to  the 
mold  box.  Next  the  operator  will  insert  the  moving  die 
and  place  the  assembled  mold  between  the  platens  of  the 
Elmes  press  at  right. 

ture  thin  wrappers.  Rounding  the  interior  corners 
of  the  mold  box  to  form  a  fillet  of  %-inch  radius  and 
machining  a  beveled  %6-inch  lip  on  the  edges  of  the 
male  die  faces  produced  blocks  with  partially 
rounded  corners  and  greatly  reduced  wrapper 
damage. 

During  most  of  the  tests  the  molds  were  maintained 
at  the  temperature  to  which  the  commodities  hadjj 
been  heated.  With  cranberries,  however,  it  was 
found  that  when  the  mold  was  cold  the  fruit  was  less 
likely  to  stick  to  the  metal  parts. 

Special  Food  Press 

Presses  designed  especially  for  experimental  com- 
pression of  foods  became  available  shortly  before  the 
work  ended.  Manufactured  by  the  Baldwin  South- 
wark  Division  of  the  Baldwin  Locomotive  Works, 
they  have  a  capacity  of  40  tons.  A  general  view  of 
the    food-compression    laboratory    at    the    Research 


Figure  6. — Some  of  the  experimental  molds  used  in  the  com- 
pression tests.  A  and  C  are  floating-type  mold  boxes. 
Grooves  for  facilitating  escape  of  air  during  compression  can 
be  seen  on  interior  surface  of  C.  B  and  D  are  fixed-type  mold 
boxes  in  which  a  single  moving  die  is  used.  The  die  for 
each  is  shown  resting  on  the  upper  edge  of  the  mold  box. 
£  is  a  vacuum  de-airing  mold  used  in  compressing  powders. 
(See  fig.  7.) 


Center,  showing  one  of  the  Baldwin  Southwark 
pusses,  is  given  in  figure  8.  A  close-up  view  of  the 
press  in  operation  is  shown  in  figure  9;  and  figure  10, 
a  diagrammatic  sketch  of  the  press,  illustrates  the 
principal  working  parts. 

This  press  is  electrically  driven,  may  be  operated 
[semiautomatically  or  by  hand  as  desired,  and  may  be 
stopped  at  will  at  any  stage  of  the  compression 
cycle.  The  mold  box  is  provided  with  a  water 
jacket,  and  the  dies  contain  sinuous  passages  through 
which  either  hot  or  cold  water  may  be  passed  to 
maintain  the  press  at  any  desired  temperature. 
Accessory  temperature-controlling  instruments  oper- 
ate within  a  range  of  70°  to  200°  F. 

The  mold  box  is  of  the  floating  type.  At  first  it 
was  believed  that  this  type  of  box  was  essential  to  the 
formation  of  satisfactory  blocks.  The  upper  male 
die  is  fixed  during  compression,  while  the  lower  die 
moves  upwards,  and  the  mold  box  floats.  This 
arrangement  minimizes  frictionaJ  effects  and  tends 
to  favor  uniformity  of  block  density.  The  floating 
action  is  said  to  be  essential  in  compressing  certain 
ceramic  materials.  It  was  found,  however,  that  food 
blocks  formed  in  a  nonfloating  mold  were  in  some 
instances  superior  to  those  formed  with  the  floating 
arrangement. 
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Figure   7.     Experimental   vacuum   mold   foi    compression   of 
powdei  ed  mat  i  iaJs. 


Figure  8.     Interior  of  the  food-compression  laboratory  at  the  Agricultural  Research  Centei  at  B     iviil      M< 

40-ton  hydraulic  food  press  developed  foi  the  work,  with  the  instrument  panel  and  conditioning  bins  in  the  ba<  k 
blocks  arc  being  weighed  and  wrapped  at  the  work  tables. 
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Figure  9. — Close-up  view  of  the  special  food  press,  showing 
food  block  about  to  be  ejected. 

The  food  is  charged  to  the  mold  through  an  open- 
ing in  the  top  platen.  The  charging  chute  and  upper 
die  are  fixed  to  a  slide  which  is  moved  by  hydraulic 
cylinders.  The  slide  correctly  places  the  upper  die 
and  chute  in  position  over  the  mold  box  during 
charging  and  pressing  operations.  The  parts  are 
shown  in  the  charging  position  in  figure  10.  The 
lower  die  remains  up  during  stripping  and  ejecting 
operations.  When  the  block  is  stripped,  the  face  of 
the  lower  die  is  left  flush  with  the  upper  edge  of  the 
mold  box,  and  a  toe  plate  fixed  to  the  lower  edge  of 
the  charging  chute  discharges  the  block  as  the  slide 
moves  to  the  charging  position. 

The  press  is  so  designed  that  molds  of  different 
sizes  may  be  installed.  Those  used  in  this  work 
produce  blocks  measuring  approximately  A}{  by  6% 
and  3  by  5  inches,  of  any  thickness  desired.  The 
faces  of  the  male  dies  are  removable,  which  makes 
feasible  the  use  of  surfaces  of  various  shapes.  In 
some  tests  convex  faces  were  used  in  an  attempt  to 
reduce  the  bulging  that  occurs  when  a  tight  paper 
wrap  is  used  to  restrain  expansion  during  cooling, 
but  they  were  found  to  be  practically  ineffective. 
Vertical  grooves,  %2  by  ){%  inch,  spaced  %  inch  apart, 
are  machined  in  the  interior  faces  of  the  mold  box 
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to  facilitate  the  escape  of  air  during  compression. 
Speed  of  ram  movement  during  practically  the  entire 
compression  stroke  is  approximately  3  inches  per 
second. 

When  in  semiautomatic  operation  the  motions  of 
the  press  are  controlled  by  solenoid  valves  which  are 
energized  by  suitable  pressure  and  limit  switches. 
The  press  weighs  the  food,  charges  the  mold,  com- 
pletes the  compression,  and  discharges  the  food 
blocks  at  the  rate  of  four  to  six  per  minute  at  zero 
dwell. 

Charging  the  Molds 

Bulk  density  was  found  to  vary  considerably  for 
most  of  the  uncompressed  dehydrated  foods  that  were 
under  consideration.  Thus,  charging  molds  on  a 
volume  basis  was  not  in  general  a  satisfactory  means 
of  securing  blocks  of  uniform  weight.  Charging  the 
molds  by  weight,  however,  offers  no  serious  difficulties 
and  can  usually  be  accomplished  by  means  of  suita- 
ble automatic  weighing  devices. 

The  position  of  the  weighing  step  in  the  process 
depends  considerably  on  the  commodity  and  the  type 
of  conditioner  employed.  In  the  bin-type  conditioner 
the  material  can  be  weighed  only  after  heating,  so 
provision  must  be  made  for  weighing  and  transferring 
the  material  to  the  press  without  significant  loss  of 
heat.  It  appears  possible  to  accomplish  this  satisfac- 
torily by  periodically  discharging  the  conditioner  to  a 
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Figure  10. — Diagrammatic   sketch    of  the    40-ton   semiauto- 
matic food  press. 


heat-insulated  hopper  which  feeds  an  automatic 
weigher  placed  directly  above  the  press  feed  chute. 
In  a  tunnel-  or  cabinet-type  conditioner,  weighing 
either  before  or  after  .conditioning  is  permissible. 
Weighing  leafy  materials,  such  as  dehydrated  cabbage, 
before  conditioning  was  found  to  be  advisable.  Dur- 
ing conditioning  such  materials  should  be  held  in 
wire-mesh  containers  provided  with  covers,  since  the 
velocity  of  the  conditioning  air  stream  is  usually  suffi- 
cient to  cause  movement  of  light  material. 

Pressing 

Although  the  actual  compression  process  follows 
the  same  general  pattern  for  the  various  products, 
some  modifications  and  adjustments  are  required, 
depending  on  the  character  of  the  material.  It  is 
essential  that  pressing  immediately  follow  the  con- 
ditioning treatment,  and  in  some  cases  it  is  also 
important  that  the  temperature  of  the  mold  and  dies 
be  properly  maintained.  With  a  press  in  continuous 
operation  there  is  little  opportunity  for  serious  tem- 
perature change  of  the  molds,  since  the  food  coming 
directly  from  the  conditioner  serves  to  maintain  the 
proper  temperature  level  of  the  parts  coming  into 
contact  with  it.  After  extended  shut-downs  during 
which  the  press  may  have  become  cold,  care  should 
be  taken  to  bring  it  to  the  proper  operating  tempera- 
ture before  using.  It  is  important  to  note  that  best 
results  are  obtained  when  the  temperatures  are 
adapted  to  the  particular  products  handled. 

In  the  experimental  work  the  mold  box  was  charged 
with  the  conditioned  product,  the  press  was  closed, 
and  the  pressure  was  raised  to  the  selected  maximum 
as  quickly  as  possible.  The  nip  period  was  usually 
about  2  to  10  seconds,  depending  on  the  equipment, 
the  material,  and  the  size  of  the  block.  The  pressure 
was  maintained  at  the  maximum  level  for  the  selected 
length  of  time  (dwell)  and  then  released,  and  the 
block  was  ejected  as  quickly  as  possible.  The  required 
post-compression  treatment  followed  immediately. 

It  is  to  be  noted  that  procedures  can  be  varied 
Somewhat.  For  example,  a  given  dwell  at  one  pres- 
sure may  give  results  substantially  identical  with  those 
obtained  with  a  shorter  dwell  at  a  higher  pressure. 
Within  the  range  of  satisfactory  compression  tempera- 
tures at  a  given  moisture  level,  somewhat  lower  pres- 
sures are  generally  required  al  higher  temperatures. 
Variations  in  characteristics  of  products  sometimes 
necessitate  modification  of  compression  practices. 

A  recently  developed  rotary  press  is  reported  to 
permit  high  production  rate  with  fairl)  long  dwells. 
The  use  of  multiple-cavit)  molds  also  offers  a  possible 
solution  to  capacity  problems  when  fairly  long  dwells 


are  employed.  However,  from  the  standpoint  of  pro- 
duction capacity,  long  dwells  are  usually  impractica- 
ble in  commercial  operation  with  conventional  equip- 
ment.   When  equipment  of  a  satis! type  is  used, 

long  dwells  are  generally  not  necessary  for  attain- 
ment of  acceptable  results  if  other  compression  and 
post-compression  procedures  are  properly  selected. 
It  is  possible  that  shorter  dwells  than  those  noted 
herein  may  be  permissible  for  certain  products. 
Limitations  of  the  equipment  available  during  work  on 
cereal  products  and  some  fruit  products  made  the 
use  of  very  short  dwells  inadvisable. 

Moisture  content  often  critically  affects  the  com- 
pression characteristics  of  a  material.  At  lower 
moisture  levels,  lower  block  densities  are  usually 
obtained  at  a  given  pressure,  and  cohesive  qualitv 
may  be  considerably  lower.  The  temperature  re- 
quired for  satisfactory  compression  generally  de- 
creases as  the  moisture  level  rises.  Temperature  con- 
ditions, especially  as  they  influence  breakage  and 
production  of  fines,  become  more  important  as  the 
moisture  level  falls.  At  very  low  moisture  levels 
many  dehydrated  foods  do  not  yield  satisfactorily  co- 
herent blocks  at  any  temperature.  In  the  majority  of 
cases  the  procedures  adopted  apply  to  the  specific  com- 
modities at  moisture  levels  conforming  to  United 
States  Quartermaster  Corps  specifications  in  force  at 
the  time  the  tests  were  conducted. 

Post-Compression  Treatment 

Under  pressure  in  the  press,  food  blocks  attain  a 
maximum  density  which  they  usually  do  not  retain. 
Immediately  after  pressure  is  released  an  initial  re- 
bound or  very  rapid  expansion  occurs  in  a  direction 
counter   to   the   original    movement    of  the   male  dies. 

When  blocks  were  measured  in  the  press  under  pres- 
sure and  again  immediately  after  ejection  it  was  com- 
mon to  find  thai  immediate  rebound  hail  resulted  in 
a  30-percent  increase  in  block  height.    Alter  ejection 

most  compressed  products  continue  to  expand  while 
warm  at  a  comparatively  slow  rate.  This  hitter  ex- 
pansion uia\  result  in  a  serious  decrease  in  the  cohe- 
sive qualit)  of  the  block  as  well  as  in  the  density  if 
some  form  of  restraint  is  not  employed.  The  tendenc) 
to  expand  after  ejection  usually  decreases  as  dwell  is 
increased.  Sometimes  when  restraint  is  not  us 
the  block  continues  to  expand  until  it  falls  apart. 

1  [olding  presses.  ,it  in  certain  eases  simple  w  rapping, 
may  lie  used  to  prevent  post-ejection  expansion.  It 
is  necessarj  to  keep  vegetable  blocks  under  restraint 
onl\  until  the)  have  cooled  to  a  temperature  at  which 
pliability  becomes  negligible.  The  restraini] 
sure  required  is  usualK  less  than  10  pounds  per  square 
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Figure  11. — Details  of  food-block  holding  press. 

inch.    Therefore  the  holding  presses  may  be  light  in 
weight  and  inexpensive. 

In  one  proposed  form  of  holding  press  (fig.  11)  a 
series  of  individual  rectangular  compartments  is 
housed  in  a  vertical  wooden  frame.  The  compart- 
ments are  open  at  two  ends  and  are  slightly  greater  in 
height  than  the  ejected  blocks.  The  openings  may 
be  considerably  larger  than  the  blocks  in  width  and 
length,  as  expansion  is  restricted  mainly  to  an  in- 
crease in  block  height,  or  thickness.  Members  form- 
ing the  top  surfaces  of  each  bank  of  compartments 
are  held  in  place  by  latch  mechanisims  or  adjustable 
lugs.  The  compartments  may  be  shimmed  if  blocks 
differing  in  final  height  are  desired.  After  ejection 
from  the  press  the  blocks  are  placed  as  quickly  as 
possible  in  the  holding-press  compartments.  They 
expand  slightly  until  restricted  by  the  upper  and  lower 
compartment  surfaces.  When  the  blocks  have  cooled 
sufficiently  the  upper  member  of  each  bank  is  loosened 


and  the  blocks  are  removed.    Small  holding  presses 
of  this  type  were  found  to  give  good  results. 

It  appears  possible  to  construct  holding  presses 
capable  of  carrying  out  the  required  holding  opera- 
tions automatically.  A  design  incorporating  two 
horizontal  conveyor  loops,  formed  with  roller-type  , 
chain,  placed  one  above  the  other,  is  one  possibility. 
Rigid  cross  members  attached  to  the  outer  surfaces 
of  the  traveling  chains  can  act  as  the  restraining  sur- 
faces (fig.  12).  In  this  type  of  holding  press  the 
ejected  block  would  be  placed  on  the  open  section  of 
the  lower  conveyor  at  A.  The  block  would  move  into 
the  press  and  be  restrained  by  the  rigid  cross  members 
attached  to  the  upper  and  lower  traveling  loops. 
The  speed  of  travel  should  be  sufficient  to  insure 
cooling  of  the  blocks  in  moving  from  A  to  B. 

Cooling  of  blocks  in  holding  presses  can  be  acceler- 
ated through  the  use  of  forced  convection .  To  demon- 
strate this  point,  cooling  tests  were  conducted  on  1- 
pound  blocks  of  diced  carrots,  3  by  5  by  approximately 
1%  inches,  with  densities  of  60  pounds  per  cubic  foot; 
the  moisture  content  was  5.2  percent.  The  blocks  ] 
were  cooled  from  an  initial  temperature  of  160°  F. 
to  a  final  center  temperature  of  90°  F.  while  confined 
in  a  wooden  holding  press  exposing  the  narrow  sides 
and  ends  only.  With  forced  convection  (air  velocity 
600  feet  per  minute,  air  temperature  76°  F.)  un- 
wrapped blocks  cooled  to  90°  F.  in  50  minutes, 
whereas  cellophane-wrapped  blocks  required  140 
minutes.  Cooling  under  identical  conditions  but  with 
natural  convection  required  160  minutes  for  un- 
wrapped blocks  and  205  minutes  for  cellophane- 
wrapped  blocks  (fig.  13). 

Tests  were  conducted  on  the  cooling  of  blocks 
identical  with  those  described  above  while  restrained 
between  water-cooled  metal  platens  (fig.  14).  With 
natural  convection  combined  with  platen  cooling, 
unwrapped  and  wrapped  blocks  cooled  to  90°  F.  in 
about  65  minutes  at  an  ambient  temperature  of  70°. 
Unwrapped  blocks  and  cellophane-wrapped  blocks 
cooled  from  160°  to  90°  in  30  and  60  minutes  re- 
spectively    when     forced-convection     cooling      (air 
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Figure  12. — Design  of  a  holding  press  incorporating  two  horizontal  conveyor  loops,  with  rigid  cross  members  attached  to  the  outer 


surfaces  of  the  traveling  chains  to  act  as  the  restraining  surfaces. 
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Figure  13.     Time  required  for  cooling  carrot  blocks  in  wooden  holding  presses  from  an  initial  center  temperature  of  160     I     to 

90°  F. 


velocity  600  feet  per  minute)  combined  with  platen 
cooling  was  employed  at  an  ambient  temperature  of 
70°.  These  tests  indicate  that  the  holding-press  re- 
quirements for  a  given  plant  capacity  can  be  material- 
ly reduced  through  the  use  of  specially  designed, 
metal  holding  presses. 

Cooling  curves  for  1 -pound,  3-  by  5-  by  approx- 
imately 1%-inch  blocks  of  diced  carrots  enclosed  in 
paperboard  cartons  are  shown  in  figure  15.  In  this 
series  of  (esls  the  Mocks  were  inili.ilK  at  160°  F. 
Block  density  was  maintained  at  62  pounds  per  cubic 
foot.  The  cartoned  blocks  were  cooled  to  a  center 
temperature  of  ''C0  F.  under  natural  and  forced- 
convection  conditions  while  restraine<  I  (1)  in  a  wooden 

holding  press,  (2)  between  water-cooled  steel  platens, 
and    (3)   Solely   l)\    the  enclosing  carton.       The  carton 

was    0.013    inch    thick.       The    temperature    of   the 

Cooling  air  and  the  water-cooled  platens  was  76°  F. 
In  cooling  under  forced  convection,  the  5-  In  1%-inch 
block  surface  laced  the  air  Stream.      The  cooling  curves 

shown  for  the  various  conditions  indicate  that  the 
use  of  cold  platens  is  advisable  if  the  cooling  time  for 
cartoned  blocks  is  not  to  exceed  I  30  minutes.  ( looling 
of    the    unrestrained    cartoned    blocks    was    desirably 

Rapid  under  forced  convection,  bul  the  practice  is  not 


recommended  since  it  was  found  that  the  restraining 
effect  of  the  carton  alone  is  not  sufficient  to  prevent 
bulging  of  the  compression  faces  of  die  blocks. 

The  duration  of  exposure  to  elevated  temperatures 
involved  in  cooling,  as  noted  above,  is  nut  nearly  as 
great  as  that  frequently  occurring  in  routine  dehydra- 
tion processes.  A  case  in  point  is  the  common  practice 
i>(  finish-drying  foods  with  a  low  moisture  content  in 
bins  for  several  homs  al  temperatures  comparable  to 
those  used  during  compression. 

As  a  genera]  rule,  the  cooling  dine  should  be  kept 
as  short   as  possible.      I  he  practice  o(  immediately 

packing  hot  blocks  in  large  cans  and  Stacking  the  cans 
closeb  will  undoubtedly  result  in  a  \er\  slow  dissipa- 
tion ^l  he. it  and  a  consequent  deterioration  in  quality 

and  should  be  carefully   avoided. 

Wrapping  blocks  before  restraining  them  is  some- 
times desirable.     Because  heated  material  is  pliable 

the  edges   ^(  heated    blocks  .ire   usiiallv    not    as  sharp 
as   those   oi   cold    blocks   and   are   not   as   likelv    to  cut 
wrappers,     I  he  use  of  wrappers  .is  die  sole-  means 
post-compression    restraint    was    tested    witl 
onions,  apple  nuggets,  etc.  with  varying 
success,     blocks  frequently  differed  in  density,  ov 
to   variations   in    tightness  ol   wrap.      1 


blocks  usually  had  at  least  slightly  bulged  surfaces 
because  of  insufficient  restraint  at  surface  centers. 
Uniform  results  were  particularly  difficult  to  obtain 
with  very  short  dwells.  It  appears  advisable  to 
restrain  wrapped  blocks  in  holding  presses  until  cool 
if  very  uniform  results  are  desired.  Wrapping  im- 
mediately after  compression  sometimes  improves  the 
final  cohesive  quality  of  vegetable  and  fruit  blocks, 
but  compressed  egg-powder  blocks  require  no  post- 
compression  restraint. 

Apricots,  peaches,  and  prunes  are  generally  com- 
pressed at  room  temperature  and  should  be  restrained 
until  packed  in  rigid  containers,  as  they  show  almost 
the  same  expansion  tendency  after  being  restrained 
for  several  hours  as  when  first  compressed.  Blocks 
of  whole  cranberries  have  a  somewhat  similar  tendency 
to  expand  when  cool.  Cranberries  are  compressed 
after  heating;  the  blocks  retain  their  shape  reasonably 
well  if  they  are  cooled  in  a  holding  press  and  then 
tightly  wrapped. 

Drying  Compressed  Blocks 

Commodities  were  not  generally  compressed  at 
moisture   contents    above    specification    limits,    since 


drying  after  compression  necessitates  the  use  of  addi- 
tional equipment  and  materially  increases  cost.  It 
was  found  advisable,  however,  to  compress  experi- 
mentally two  commodities — potatoes  and  egg  pow- 
der— at  moisture  contents  higher  than  required  by 
the  specifications. 

Compressing  dehydrated  potatoes  at  specification 
moisture  levels  results  in  excessive  fines,  even  when 
the  material  is  conditioned  at  relatively  high  tempera- 
tures. Compression  at  higher  moisture  levels  with 
later  drying  of  the  blocks  therefore  appears  to  be  the 
only  way  to  obtain  a  satisfactory  product.  The  com- 
pression of  egg  powder  containing  not  in  excess  of 
2  percent  of  moisture — the  limit  now  being  sought — 
is  likewise  attended  with  difficulties.  The  cohesive 
qualities  of  this  product  are  such  that  a  satisfactory 
block  cannot  be  made  with  reasonable  pressure.  The 
solution  of  this  problem  appears  to  be  either  compres- 
sion at  the  5-percent  moisture  level  and  later  drying 
of  the  blocks,  or  compression  in  the  final  container. 

Potato  blocks  were  dried  experimentally  in  a  vac- 
uum shelf  drier,  a  cabinet  drier,  a  drier  employing 
heated  air  that  pulsated  between  atmospheric  and 
superatmospheric  pressures,  and  also  by  means  of  a 
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Time    (minutes) 

-Time  required  for  cooling  carrot  blocks  between  water-cooled  metal  platens  from  an  initial  center  temperature  of  160° 
to  90°  F.,  with  an  ambient  temperature  of  70°. 


170 


80 


I        i        i        i        i        i        r    -j-  ~ r      i 

Carton  thickness,  0.013  inch;     air  and  platen  temperatures,  76°  F. ; 
block   dimensions    3X5X|3/4inch',    density  62  lbs.  per  cu.  ft. 


Natural  convection 


No  additional  restrainer 
Wooden  restraining  press 
—  —  —  -Water-cooled    restraining  platens 

Forced    convection 
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Figure  15. — Time  required  for  cooling  1 -pound  blocks  of  compressed  carrots  in  pa  per  board  cartons,  under  natural  and  forced 
convection  and  different  restraining  conditions,  from  I  (>(l     to  'HI'    I'.  or  lower. 


procedure  involving  high-frequenc)  heating  in  a  vac- 
Bum.  Egg-powder  blocks  were  dried  experimentally 
in  ;i  vacuum  shelf  drier. 

Summarized  results  of  tests  using  the  various  drying 
methods  are  given  under  the  descriptions  of  compres- 
sion procedures  for  these  two  commodities. 

Rehydration  and  Evaluation  ok  the  ('oMrui.ssr.n 
Product 

In  judging  whether  the  food  Nock  was  satisfactory, 

Determining  acceptable  methods  for  reconstitution  of 
the  dehydrated  and  compressed  products,  and  testing 
their  organoleptic  qualities,  the  procedures  varied,  o( 
course,  with  the  different  commodities,  There  were 
also  a  few  minor  variations  in  procedure  in  the  differ- 
cnt   laboratories  where-   the  work   was  done,   l>ni    the' 


following  examples  will  illustrate  the  essential  nature 
of  this  branch  of  the  work. 

Physical  Character  of  the  Block 
The  food  blocks  were  graded  "good,"  "fair,"  and 

"poor."      The  factors  considered  in  grading  blocks  oi 

sweetpotatoes  are  given  as  an  example: 

i  .1  ade  and  fa<  tor: 
Good:  Minn 

shape Symmetrical,  free  from  bulges. 

Cracking Block  solid,  no  cracks. 

Sui  face Smooth,  pieces  lii  ml)  pi  esscd  together. 

Fragmentation  Pieces  whole,  no  crushing, 

i  b  umbling  Block  remains  intact  «  ben  bandied,  no 

pieces  falling  out. 
Melting  Free  from  "cooked"  or  "melted 

pearance,  pie*  es  not  fused  together 
Discoloration,  .  Free    from    dark    streaks    o 

matter. 


Grade  and  factor: 
Pair :  Description 

Shape Fairly  good,  only  slight  bulging. 

Cracking Only  slight. 

Surface Fairly  smooth. 

Fragmentation.  .  .  .    Only  slight. 

Crumbling Only  slight  and  from  the  surface,  few 

pieces  falling  out. 

Melting Free  from  melted  appearance. 

Discoloration Few  dark  streaks  only,  free  from  exces- 
sive foreign  matter. 
Poor: 

Shape Badly  misshapen  or  "sprung,"   badly 

bulged. 

Cracking Wide  cracks,  fragile,  easily  broken  up 

with  handling. 

Surface Rough,  pieces  projecting,  buckling. 

Fragmentation.  .  .  .    Pieces  badly  crushed. 

Crumbling Cubes  and  pieces  drop  off  easily  with 

very  little  handling. 

Melting Melted  appearance  on  surface,  cubes 

fused  together. 

Discoloration Excess  of  dark  streaks  or  foreign  matter. 

Rehydration 

Rehydration  tests  were  made  on  blocks  of  sweet- 
potatoes  24  hours  or  more  after  compression,  and  the 
following  methods  were  studied  to  determine' the  rate 
of  water  uptake  in  each.  Water  was  used  in  the  propor- 
tion of  6  parts  to  1  of  potato,  by  weight.  The  rehydra- 
tion ratio  was  calculated  from  the  weight  of  the  recon- 
stituted product  divided  by  the  weight  of  the  dehydrated 
product.  The  rate  of  water  uptake  was  determined 
by  removing  the  basket  containing  the  sample  from 
the  water,  allowing  the  sample  to  drain  for  30  seconds, 
and  then  weighing  it.  This  was  repeated  at  10- 
minute  intervals  until  no  more  water  was  absorbed. 
The  rate  of  rehydration  was  taken  as  the  gain  in 
weight  per  100  grams  of  material  in  1  minute. 

Hot-Soak  Method. — The  block  was  placed  in  a 
wire  basket  and  lowered  into  boiling  water  in  a  double 
boiler  heated  over  boiling  water,  and  the  boiling  was 
continued  until  no  more  water  was  absorbed.  A 
variation  of  this  procedure  consisted  in  soaking  the 
block  in  water  maintained  at  200°  F.  until  disintegra- 
tion was  complete  and  then  raising  the  temperature 
to  boiling. 

Cold-Soak  Method. — The  block  was  put  into  the 
water  at  room  temperature  and  allowed  to  soak  without 
heating  until  it  fell  apart.  The  material  was  then 
heated  over  boiling  water  until  it  no  longer  absorbed 
water. 

Ascending-Temperature  Method: — The  block  of 
sweetpotatoes  was  put  into  water  at  room  temperature 
and  then  was  placed  immediately  over  boiling  water 
and  heated  until  no  more  water  was  absorbed. 

Descending-Temperature    Method. — The   block 
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was  put  directly  into  boiling  water,  which  was  allowed  to 
cool  to  room  temperature.  When  the  block  had  fallen 
apart,  the  sweetpotato  was  placed  over  boiling  water 
and  heated  until  it  no  longer  gained  weight. 

For  compressed  sweetpotato,  the  hot-soak  method 
gave  the  best  combination  of  rehydration  ratio  and 
rate  of  rehydration.  Although  the  sweetpotatoes 
absorbed  slightly  more  water  by  some  of  the  other 
methods,  the  hot-soak  method  required  the  least  time 
and  was  considered  the  most  practical. 

Organoleptic  Quality 

Uncompressed  samples  were  used  as  controls  in 
evaluating  the  organoleptic  qualities  of  the  compressed 
products.  The  control  samples  were  taken,  of  course, 
from  the  same  lot  from  which  the  compressed  products 
were  prepared;  they  were  usually  of  such  quality  as 
to  conform  to  Army  specifications.  The  uncompressed 
samples  were  rehydrated  and  cooked  according  to 
conventional  procedures — that  is,  in  most  cases  the* 
material  was  subjected  to  a  preliminary  soak  in  cool 
water  and  then  boiled  until  tender.  Soaking  dehy- 
drated foods  in  cool  water  in  some  instances  tends  to 
produce  a  product  of  higher  quality  than  is  obtained 
through  the  immediate  use  of  hot  or  boiling  water 
(7,  7).  For  that  reason  the  controls  may  have  had 
some  advantage  over  the  compressed  products  in  those 
cases  where  hot  water  was  required  to  disintegrate 
the  blocks.  (Procedures  for  disintegrating  and  cook- 
ing compressed  materials-  are  discussed  later  under 
specific  commodities.)  In  cooking  a  given  commod- 
ity, the  water-to-solids  ratio  was  held  constant  for 
compressed  and  uncompressed  samples.  The  water- 
to-solids  ratios  generally  used  for  various  commodities 
and  the  soaking  and  cooking  times  for  uncompressed 
samples  are  give  in  table  1 . 

Table    1. — Data   pertaining    to    reconstitution    of   control 
samples 


Commodity 

Water-to- 
solids  ratio 

Soaking 
time 

Boiling 
time 

Apple  nuggets 

Parts  by 
weight 

sy3  to  i 

12i/2  to  1 

uy,  to  i 

14  to  1 

IV,  to  1 

12"  to  1 

12J4  to  1 

7%  to  1 

8%  to  1 

14)4  to  1 

f           8  to  1 

1           6  to  1 

Minutes 

0 

60 

60 

60 

0 

60 

60 
60 

|         60 

Afimttes 
30 

Beets 

15 

Cabbage 

15 

Carrots 

15 

Cheese-soya  soup 

30 

Cranberries 

14 

Onions 

30 

Pea-soya  soup 

30 

Potatoes 

15 

Rutabagas 

15 

Sweetpotatoes 

10 

A  panel  of  five  or  more  judges  trained  to  recognize 
I  the  various  organoleptic  qualities  in  dehydrated  foods 
I  scored  the  samples.  The  score  sheets  provided  space 
I  for  rating,  color,  flavor,  taste,  and  texture.  In  some 
■  instances  scoring  was  on  the  basis  of  "excellent," 
B"good,"  "fair,"  and  "poor."  In  others,  the  values 
l  ranged  from  5.0  to  1.0  in  intervals  of  0.5,  with  5.0 
indicating  a  product  equal  to  the  fresh  equivalent  and 
1.0  an  inedible  product. 

The  effects  of  compression  and  storage  on  color 
were  measured  by  one  or  more  of  the  following 
methods:  (1)  By  comparing  the  color  of  the  recon- 
stituted food  with  the  control  sample;  (2)  by  match- 
ing the  color  of  the  reconstituted  sample  with  Munsell 
color  chips;  (3)  by  measuring  the  color  of  the  cook- 
ing liquid  with  a  colorimeter. 

RESULTS  OF  COMPRESSION  STUDIES  ON  SPECIFIC 
DEHYDRATED  VEGETABLES 

Brief  summaries  of  the  results  of  compression  studies 
on  dehydrated  beets,  cabbage,  carrots,  onions,  pota- 
toes, rutabagas,  and  sweetpotatoes  follow.  For  most 
of  these  commodities  the  reductions  in  volume  under 
different  compression  conditions  are  not  considered 
here.  The  volume  reductions  attainable  are  given  in 
summarized  form  in  table  18  (p.  44). 

Beets 

Beets  containing  moisture  ranging  from  3.5  to  5.5 
percent  were  satisfactorily  compressed  after  being 
conditioned  at  140°  to  160°  F.  Blocks  of  good  cohe- 
sivc    quality   were   obtained    under   a    wide    range   of 


compression    conditions.    Typical    compression    data 
for  dried  beets  are  given  in  table  2. 

Compression  conditions  required  for  diced 
and  stripped  beets  of  equal  moisture  content  were 
found  to  be  practically  identical.  From  the  stand- 
point of  density  and  cohesiveness  of  block,  the  results 
obtained  were  approximately  the  same  regardless  of 
the  form  of  the  material. 

The  maximum  density  attained  by  blocks  while 
under  pressure  in  the  press,  or  the  so-called  mold 
density,  varied  only  slightly  for  widely  different  con- 
ditions of  pressure  and  dwell.  With  diced  and 
stripped  material  the  mold  density  ranged  from  89 
to  95  pounds  per  cubic  foot.  Block  densities  were 
considerably  lower  immediately  after  ejection,  and 
the  decrease  was  always  due  principally  to  an  in- 
crease in  the  block  dimension  which  is  taken  parallel 
to  the  axis  of  compression.  Alter  this  very  rapid 
expansion,  or  rebound,  the  blocks  continue  to  ex- 
pand while  warm,  though  at  a  much  slower  rate. 

The  preferred  compression  procedure  for  diced  and 
stripped  beets  consists  in  heating  the  material  for  20 
minutes  in  an  air  stream  (td,  150°  F.;  /„.,  91°  F.;  air 
velocity,  approximately  500  feet  per  minute)  and 
compressing  at  a  pressure  of  approximately  1.200 
pounds  per  square  inch  with  from  0  to  3  seconds  of 
dwell.  The  density  of  the  finished  block  ranges 
from  approximately  50  to  65  pounds  per  cubic  foot 
depending  on  the  dwell,  the  material,  and  the  press. 
Variation  of  dwell  and  the  use  of  holding  presses  to 
restrict  expansion  make  feasible  the  formation  of 
blocks  with  any  density  desired  in  the  range  of  55  to 


Table  2. —  Test  conditions  under  which  dehydrated  diced  beets  were  comprt 


Press 

used 

Pressure 

(  ar\  it 

Pounds  t"< 

square  in,  h 

650 

450 

650 

650 

850 

900 

1.  100 

1,  100 

1.  500 

1.  200 

i.  »00 
l.  200 
l.  200 

.'.    100 

1 .  200 
1.  200 

1.  200 

1),,           

Do. 

Do 

Do.. 

1  .lines 

Do 

Do 

Do. 

K.llllw  ill 

Southv 

■ark 

Do 

Do. 

1),) 

n,. 

Do              

Do 

Do 

Temper- 
ature 


°F. 


122 
122 
140 
160 
160 
155 
i  >5 
155 
155 
150 
I  iO 
150 
i  -ii 
150 
150 
150 
I  >0 


Moistui  <• 
content 


Peri  ent 
4.1 
4. 

•1 

4. 
•I 
4 
I 
4. 


I  1 
i  6 
i  6 
i  6 
i  6 
i  6 
5.5 
5.5 
•    - 


Dwell 


s 

60 
60 

(.0 

60 
5 
3 
3 
J 
3 
■ 

0 
0 
0 
o 
0 

) 


Cooling  i  onditions 


Unrestrained 

do 

do 

do 

do  

1  lolding   mess 

do 
I  nrestrained 
1  lolding  press 
I  nrestrained, 

do 

do 

do 

do. 

do 
I  folding  press 

do  


Final 

ilensiu    I 


PoUII . 

cubit 

42 

(.1 
(.1 

51 

ol 


(  oli, 

quality 


D 

l 

Do 
D. 

Fail 

l 

Fair 

Do 
Do 

i 

Do 
Do 
Do 

I 

Do 


14  hours  aftei  cooling  to  room  temperature,     Densit)  ol  the  diced  materials  before « ompression  ranged  from 

cubic  loot. 
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75  pounds  per  cubic  foot.  Maintenance  of  the  mold 
box  and  male  dies  at  150°  F.  is  advisable.  Slight 
loosening  and  fragmentation  of  surface  pieces  result 
when  these  parts  are  at  "room  temperature. 

Block  surfaces  may  bulge  slightly  and  surface 
pieces  may  occasionally  curl  slightly  outward  when 
blocks  are  compressed  with  zero  dwell  and  not 
restrained  while  cooling.  Failure  to  restrain  expan- 
sion gives  rise  to  another  problem,  since  slight  varia- 
tions in  the  conditions  of  compression  and  in  the 
material  being  compressed  have  a  considerable  effect 
on  the  density  of  the  finished  block.  However,  as 
previously  stated,  this  difficulty  does  not  arise  if  the 
blocks  are  restrained  in  suitable  holding  presses. 

Paper  wraps  and  cartons  do  not  restrain  expansion 
satisfactorily.  The  compression  faces  of  blocks 
wrapped  in  paper  bulge  slightly,  and  the  block  density 
varies  considerably,  since  the  extent  of  expansion 
depends  on  the  tightness  of  the  wrapper.  Cartons 
are  unsatisfactory  because  they  retard  the  rate  of 
cooling  and  do  not  prevent  bulging. 

As  previously  mentioned,  the  block  expands  mainly 
in  a  direction  counter  to  the  compression  motion; 
that  is,  block  height  or  thickness  tends  to  increase 
while  the  change  in  block  width  and  length  is  rela- 
tively small.  For  example,  comparison  of  mold 
dimensions  and  dimensions  of  cooled  blocks  shows 
that  the  total  linear  expansion  of  block  width  and 
length  ranges  from  2  to  5  percent  and  depends  mainly 
on  the  post-compression  treatment  and  to  a  lesser 
degree  on  the  pressure  and  dwell  employed.  On  the 
other  hand,  the  expansion  of  block  height,  or  thick- 
ness, based  on  minimum  thickness  of  block  when 
under  pressure  in  the  mold  compared  with  final 
thickness,  was  generally  about  60  percent  when 
compression  was  carried  out  at  1,200  pounds  per 
square  inch  with  zero  dwell  and  the  block  was 
allowed  to  expand  freely  after  ejection. 

Curves  indicating  the  rate  of  expansion  of  blocks 
during  cooling  are  given  in  figure  16.  These  pertain 
to  1  %-pound  blocks  of  diced  beets  compressed  in  a  3- 
by  5-inch  mold  under  the  conditions  indicated,  and 
subsequently  permitted  to  expand  in  still  air  at  room 
temperature.  Block  density  is  plotted  against  age 
(length  of  time  after  ejection).  It  will  be  seen  from 
these  curves  that  under  the  imposed  conditions  ex- 
pansion almost  ceases  after  10  minutes,  and  that 
changing  dwell  from  0  to  3  seconds  is  considerably 
more  effective  in  securing  a  higher  final  block  density 
than  a  twofold  increase  in  pressure.  These  curves 
also  indicate  the  maximum  delay  permissible  in 
restraining  blocks  to  a  desired  density.  For  example, 
assume  that  a  compartment-type  holding  press  is  to 


be  used  to  restrict  expansion,  that  a  block  density  of" 
65  pounds  per  cubic  foot  is  desired,  and  that  com- 
pression is  carried  out  at  1,200  pounds  per  square 
inch  with  zero  dwell.  Then  from  the  appropriate 
curve  it  is  seen  that  the  block  must  be  inserted  in  the 
holding  compartment  within  15  seconds  after  ejection. 
Blocks  soaked  in  water  at  room  temperature  took 
several  hours  to  disintegrate.  Using  water  at  200° 
F.,  hoWever,  reduced  disintegration  time  to  a  matter 
of  minutes.  Typical  results  for  the  latter  procedure 
are  given  in  table  3.  These  results  apply  to  diced 
material  containing  approximately  5  percent  mois- 
ture, compressed  in  a  3-  by  5-inch  mold. 

Table   3. —  Time  required  for  disintegration  of  diced  beet 
blocks  of  different  weight,  thickness,  and  density,  by  the  \ 
hot-soak  method 


Material 

Approx- 
imate 
block 
weight 

Block 

thick- 
ness 

Block 
density 

Time  re- 
quired 
for  dis- 
integra- 
tion • 

Lot  C  106  R 

Pounds 
1/3 

1J4 

1 
1 

X 

% 

1 

% 

Centi- 
meters 
7.  1 
6.4 
5.  5 
4.5 
4.5 
2.2 

1.  1 
4.0 

2.  1 
1.0 

.6 

Pounds 
per  cubic 
foot 
57 
65 
75 
70 
70 

72 

72 
76 
"5 

^7 
73 

Minutes 

1 

Do 

26 

Do 

Do 

60 
26 

Do 

24 

Do 

15 

Do 

Lot  C  109  R 

14 
19 

Do 

10 

Do 

6 

Do 

2y2 

1  1  part  of  beets  to  12  parts  of  water  by  weight;  temperature 
maintained  at  200°  F. 

These  results,  particularly  those  that  pertain  to  lot 
C  109  R,  show  that  the  time  required  for  disintegra- 
tion is  approximately  proportional  to  block  thickness. 
The  disintegration  time  of  60  minutes  required  for  the 
block  with  a  density  of  75  pounds  per  cubic  foot  is 
considered  excessive;  such  prolonged  treatment  re- 
sults in  undesirable  leaching,  which  has  a  deleterious 
effect  on  flavor  and  color.  It  will  be  observed  that 
blocks  prepared  from  C  109  R  disintegrated  in  ap- 
proximately two-thirds  the  time  required  for  com- 
parable blocks  of  C  106  R.  This  apparently  was  due 
to  inherent  differences  in  the  two  lots  of  beets,  which 
were  purchased  from  commercial  dehydrators  in 
widely  separated  growing  areas. 

There  was  no  visual  evidence  of  damage  to  the 
dehydrated  material  when  compression  was  carried 
out  at  temperatures  of  140°  to  160°  F.    Tests  showed 
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Figure   16. — Rate  of  expansion  of  1 

that  the  production  of  fines  in  this  temperature  range 
is  practically  zero  for  compression  at  pressures  of  250 
to  2,400  pounds  per  square  inch.  With  compression 
at  122°  F.  the  production  of  fines  varied  from  0.5  to 
1.8  percent  for  material  at  the  4-percent  moisture 
level,  but  no  relationship  between  fines  and  pressure 
was  evident.  Compression  at  room  temperature  re- 
sulted in  a  high  percentage  of  fines. 

Organoleptic  tests  conducted  on  this  commodity  in- 
volved 1 -pound  blocks  of  diced  material.  The  mate- 
rial was  heated  to  temperatures  of  150°  to  160°  F. 
and  was  compressed  at  pressures  ranging  from  650  to 
1,200  pounds  per  square  inch  with  dwells  of  30  seconds 
to  zero.  Moisture  contents  ranged  from  A  to  5  percent 
and    block  densities  from  60  to  75   pounds   per  cubic 

foot.    Results  of  the  organoleptic  tests  showed  that  the 

Compressed  material  is  indistinguishable  from  the  un- 
compressed, provided  suitable  reconstitntion  proce- 
dures are  applied.     In  evaluating  the  products  the 

Uncompressed  control  samples  were  soaked  in  cool 
water  for  1  hour  and  boiled  for  approximately  15 
minutes,  whereas  the  blocks  were  treated  l>\  various 

procedures. 

When  the  blocks  were  disintegrated  according  to  the 

hot-soak  method  it  was  found  advisable  to  limit  block 


( minutes) 

locks  of  compressed  beets  during  cooling. 


densities  to  such  values  as  would  permit  complete  dis- 
integration in  25  minutes  or  less.  Results  obtained 
with  this  method  were  generally  acceptable,  but  in 
some  instances  the  compressed  material  was  rated 
slightly  lower  than  the  uncompressed.  Such  differ- 
ences appeared  to  be  entireb  due  to  inadequate  soak- 
ing prior  to  boiling.  Soaking  for  5  or  10  minutes 
before  boiling  would  probably  improve  the  quality  ^( 
the  rehydrated  product. 

The  best  results  were  obtained  when  the  dr\    block 

was  separated  into  small  clusters  ^>(  dice  In  twisting 

i(  in  the  hands.  The  pieces  were  then  soaked  in  cool 
water  and  cooked  in  e\aeil\  the  same  wa\  as  the  un- 
compressed control  material.      I  he  scores  assigned  to 

the  control   and    the  compressed    products  showed   no 

significant  differences  in  color,  flavor,  taste,  texture, 
or  appearance.    En  applying  this  procedure  it  isradvis- 
able  to  avoid  block  densities  higher  than  about 
pounds  per  cubic   loot,   since   block  cohesiveness 
higher  densities   makes   hand  disintegration  slighth 
difficult. 

Shredded  cabbage  containing   '  i  perce  it  moisture 
was  compressed  ai  temperatures  ranging  from 


160°  F.  Satisfactory  blocks  with  final  densities  of  52 
to  62  pounds  per  cubic  foot  were  obtained  when  com- 
pression was  carried  out  at  200  to  800  pounds  per 
square  inch  with  material  at  140°  F.  (fig.  17).  At 
160°  F.,  with  pressures  of  200  to  800  pounds  per  square 
inch,  the  density  of  the  cooled  blocks  ranged  from  55 
to  70  pounds  per  cubic  foot.  In  these  particular  cases 
dwell  at  maximum  pressure  was  60  seconds  and  ex- 
pansion was  restrained  as  quickly  as  possible  after 
ejection. 


Figure  17. — Equal  weights  of  uncompressed  and  compressed 
dehydrated  cabbage.  The  loose  material  in  the  transparent 
container  (1)  has  a  bulk  density  of  7.5  pounds  per  cubic  foot, 
whereas  the  compressed  1 -pound  block  (2)  has  a  density  of 
60  pounds  per  cubic  foot.  The  volume  reduction  in  this  case 
is  87  percent. 

The  blocks  have  a  pronounced  tendency  to  expand 
rapidly  while  warm,  and  for  this  reason  it  is  advisable 
to  use  a  press  that  provides  for  rapid  ejection  of 
blocks  after  pressure  is  released.  Holding  presses  are 
essential  in  cooling  the  blocks.  When  cooled  to  room 
temperature  the  blocks  are  satisfactorily  cohesive  and 
have  no  significant  tendency  to  expand. 

Preparation  for  compression  of  the  material  con- 
taining 3.5  percent  moisture  was  best  carried  out  by 
weighing  at  room  temperature  and  then  heating  for 
one-half  hour  in  a  slightly  humidified  air  stream 
(td,  150°  F.;  tw,  95°  F.;  air  velocity,  approximately 
600  feet  per  minute).  This  procedure  resulted  in  a 
heated  product  of  unchanged  moisture  content. 

Very  satisfactory  1 -pound  blocks  at  the  3.5-percent 


moisture  level  were  produced  at  rapid  rates  by  the 
Baldwin  Southwark  press.  The  material  and  press 
were  heated  to  150°  F.  Densities  of  the  material  in 
the  mold  ranged  from  91  to  98  pounds  per  cubic  foot 
for  a  wide  range  of  pressures  and  dwells.  Compart- 
ment-type holding  presses  were  used  to  restrict  post- 
ejection  expansion,  the  distance  between  the  two 
restraining  surfaces  of  these  presses  being  set  so  as  to  ■ 
stop  expansion  when  block  density  reached  60  pounds 
per  cubic  foot.  With  compression  at  5,500  pounds  per 
square  inch  and  zero  dwell  it  was  necessary  to  place 
the  block  in  the  holding  press  within  3  seconds  after 
ejection;  otherwise  expansion  was  too  great  to  permit 
insertion  in  the  holding  compartments.  With  a  pres- 
sure of  2,250  pounds  per  square  inch  and  a  dwell  of 
15  seconds  the  blocks  expanded  to  the  60-pounds-per- 
cubic-foot  density  in  20  seconds.  The  expansion  time 
for  the  same  density  was  3  seconds  when  the  material 
was  compressed  for  3  seconds  at  2,250  pounds  per 
square  inch.  Expansion  of  block  length  and  width, 
based  on  dimensions  of  mold  and  final  block,  was 
approximately  2.6  percent. 

Heating  to  150°  and  compressing  with  3  seconds  of 
dwell  constituted  the  most  practical  of  the  procedures 
tested.  One-pound  blocks  (approximately  3  by  5  by 
2  inches)  with  a  density  of  60  pounds  per  cubic  foot 
disintegrated  in  18  minutes  when  immersed  in  water 
at  200°  F.;  disintegration  took  over  24  hours  in  water 
at  70°  F.  The  blocks  can  be  readily  cleaved  into  thin 
sections  in  planes  at  right  angles  to  the  axis  of  com- 
pression. Sections  ^-inch  thick  disintegrated  in  1 
hour  in  water  at  70°  F. 

There  was  no  visual  evidence  of  fracturing  or  other 
damage  to  the  cabbage  shreds  when  the  material  was 
heated  and  compressed  according  to  the  procedures 
here  described.  Cooked  samples  of  compressed  and 
uncompressed  material  were  evaluated  from  the  stand- 
point of  organoleptic  quality.  The  uncompressed 
control  samples  were  soaked  in  water  at  room  temper- 
ature for  1  hour  and  boiled  for  10  minutes.  Com- 
pressed blocks  with  densities  of  60  pounds  per  cubic 
foot  were  immersed  in  water  at  200°  F.  until  they  had 
completely  disintegrated — approximately  18  minutes 
— and  were  then  boiled  for  10  minutes.  Flavor,  taste, 
texture,  and  appearance  of  the  cooked  materials 
received  scores  ranging  from  "excellent"  to  "good," 
and  the  compressed  material  was  judged  to  be  indis- 
tinguishable from  the  uncompressed. 

Carrots 

Compression  conditions  required  for  sliced,  stripped, 
and  diced  carrots  were  practically  identical,  and 
results  were  sjenerallv  similar  for  the  three  forms. 
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Heating  material  at  the  specification  moisture  level 
to  temperatures  in  the  range  of  150°  to  160°  F.  was 
necessary  in  order  to  obtain  satisfactory  results.  With 
60  seconds  of  dwell,  carrots  with  moisture  contents 
ranging  from  4.8  to  5.2  percent,  as  determined  by  the 
16-hour,  70°  C,  vacuum-oven  method,4  in  general 
gave  the  following  results  when  compressed  in  the 
Carver  press:  At  a  temperature  of  160°  F.  and  a 
pressure  of  650  pounds  per  square  inch,  cohesion  was 
good  and  the  initial  density  of  the  ejected  block  was 
about  57  pounds  per  cubic  foot.  When  cooled  with- 
out restraint  the  block  density  decreased  to  a  final 
value  of  about  54  pounds  per  cubic  foot.  The  cor- 
responding densities  were  about  10  pounds  per  cubic 
foot  greater  when  compression  was  carried  out  at  a 
pressure  of  1,350  pounds  per  square  inch.  The  den- 
sities after  ejection  were  highest  at  a  given  pressure  for 
the  materials  of  higher  moisture  content. 

Compression  tests  were  also  conducted  on  stripped 
carrots  containing  3.7  percent  moisture  under  the 
same  conditions.  This  low  moisture  content  resulted 
in  blocks  of  poorer  cohesive  quality  and  lower 
density.  For  example,  blocks  compressed  at  650 
pounds  per  square  inch  were  of  only  fair  cohesive 
quality  and  the  initial  density  of  the  ejected  block  was 
only  49  pounds  per  cubic  foot. 

Tests  with  the  Baldwin  Southwark  press  showed  that 
satisfactory  blocks  of  diced  dehydrated  carrots  can  be 
formed  by  rapid  compression  procedures.  The  mois- 
ture content  of  the  materials  used  ranged  from  4.5  to 
4.8  percent.  Compression  can  be  accomplished  with 
zero  dwell,  but  the  slower  rate  of  block  expansion 
obtained  when  compressing  with  3  seconds  dwell 
simplifies  post-compression  handling  and  leads  to 
better  results.  A  practicable  procedure  comprises 
heating  the  material  for  20  minutes  on  trays  placed 
in  a  warm  air  stream  (trf,  150°  F.;  t„,  93°  F.;  air 
velocity,  approximately  500  feet  per  minute)  and  com- 
pressing at  a  pressure  of  4,000  pounds  per  square 
inch  with  3  seconds  of  dwell.  When  under  pressure 
in  the  mold,  the  block  attains  a  density  of  approx- 
imately 93  pounds  per  cubic  foot. 

Blocks  that  are  ejected  within  1  second  after  pressure 
is  released  have  a  density  of  approximately  70  pounds 
per  cubic  foot.  The  blocks  expand  rapidly  and  gen- 
erally fall  apart  if  they  are  not  placed  under  restraint 
until  cool.  Holding  presses,  such  as  the  previously 
described  compartment  type,  offer  a  satisfactor)  means 
of  restraining  expansion  and  limiting  block  ilensit\  to 
any  desired  value  in  the  range  of  60  to  "0  pounds 

4  Moisture  contents  determined  by  die  7-hour,  70°  C, 
vacuum-oven  method  prescribed  in  Government  specifications 

are  usually  about  0.6  percent  lower. 


per  cubic  foot.  The  cooled  blocks  are  plane-faced  and 
satisfactorily  cohesive;  they  do  not  expand  when  re- 
moved from  the  holding  press. 

Tight-fitting  cartons  do  not  satisfactorily  prevent 
expansion  of  warm  blocks.  The  compression  faces  of 
the  block  bulge  the  cartons  both  when  plane-faced  and 
when  convex-faced  male  dies  are  used. 

Expansion  of  block  occurs  mainly  in  a  direction 
counter  to  the  compressing  motion.  Linear  expansion 
of  block  length  and  width,  based  on  dimensions  of 
mold  and  final  dimensions  of  the  cooled  block,  is 
approximately  3  percent  for  unrestrained  blocks  and 
6  percent  for  blocks  that  are  restrained  to  high 
densities.  The  difference  is  principally  due  to  the 
fact  that  the  holding  presses  apply  restraint  to  the 
two  compression  faces  of  the  block  only.  Initial  re- 
bound, or  initial  expansion  of  block  thickness,  is 
considerably  greater  than  the  expansion  of  block 
width  and  length.  For  example,  when  material 
containing  4.5  percent  moisture  was  compressed  in 
the  Baldwin  Southwark  press  at  4,000  pounds  per 
square  inch,  the  initial  expansion  of  block  thickness 
(based  on  minimum  thickness  of  block  when  in  the 
mold  under  high  pressure  and  thickness  immediateh 
after  ejection)  ranged  from  approximately  25  percent 
for  compression  with  3  seconds  of  dwell  to  37  percent 
for  compression  with  zero  dwell. 

Data  pertaining  to  the  density  and  cohesiveness  ol 
unrestrained    blocks    are   given    in    table    4.      These 

Table    4. — Density   and  cohesive   quality   of   w  i 

carrot  blocks  compressed  at  1.000  pounds  per  square  inch 
with  2  different  periods  of  dwell,  at  various  times  after 
ejection 
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results  apply  to  diced  material  at  the  4.5-percent 
moisture  level,  compressed  in  the  Baldwin  Southwark 
press  at  a  pressure  of  4,000  pounds  per  square  inch 
with  material  heated  to  150°  F.  It  will  be  observed 
that  the  decrease  in  block  density  due  to  post-ejection 
expansion  was  considerably  greater  for  compression 
with  zero  dwell  than  for  compression  with  3  seconds 
dwell.  The  decrease  in  block  density  was  almost 
entirely  due  to  expansion  of  block  thickness.  To 
prepare  blocks  with  a  final  density  of  64  pounds  per 
cubic  foot,  using  a  compartment-type  holding  press  to 
restrain  expansion,  the  data  show  that  it  would  be 
necessary  to  transfer  the  block  to  the  holding  press 
within  10  seconds  after  ejection  in  the  case  of  blocks 
compressed  with  3  seconds  dwell,  whereas  a  delay  of 
only  5  seconds  could  be  tolerated  in  "restraining  blocks 
compressed  with  zero  dwell. 

Tests  showed  that  there  was  no  significant  increase 
in  fines  when  compression  was  carried  out  under  the 
various  conditions  described.  In  general  the  propor- 
tion of  fines  both  in  compressed  blocks  and  in  uncom- 
pressed control  samples  was  about  1  percent. 

Several  hours  of  soaking  in  water  at  room  tempera- 
ture was  required  to  effect  disintegration  of  1 -pound 
blocks  with  densities  of  72  pounds  per  cubic  foot. 
Such  blocks  fell  completely  apart  when  soaked  for 
about  10  minutes  in  water  at  200°  F.  Dry  blocks 
with  densities  of  70  pounds  per  cubic  foot  or  less  were 
also  readily  disintegrated  by  twisting  the  block  in 
the  hands. 

Various  lots  of  diced  carrots  containing  approxi- 
mately 5  percent  moisture  were  compressed  and  sub- 
jected to  organoleptic  tests.  In  most  instances  these 
quality  tests  involved  1 -pound  blocks  measuring  about 
3  by  5  by  1  %  inches  with  densities  of  60  to  70  pounds 
per  cubic  foot.  The  blocks  were  prepared  by  heat- 
ing the  material  to  temperatures  of  150°  to  160°  F. 
and  compressing  at  pressures  of  650  to  4,000  pounds 
per  square  inch  with  dwells  ranging  from  60  to  3 
seconds.  Results  of  the  tests  showed  that  compression 
under  these  various  conditions  has  no  significant  effect 
on  quality.  At  the  same  time  it  was  demonstrated 
that  the  method  employed  in  reconstituting  the  com- 
pressed product  can  influence  product  acceptability 
appreciably. 

In  evaluating  organoleptic  quality  the  compressed 
materials  were  compared  with  control  samples  that 
had  not  been  compressed.  The  uncompressed  con- 
trols were  soaked  for  an  hour  in  cool  water  and  then 
boiled  for  15  minutes.  The  blocks  were  reconsti- 
tuted by  various  methods. 

In  some  instances  the  blocks  were  disintegrated 
while   dry   by   simply   twisting   them   in   the   hands. 
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The  resulting  small  clusters  of  dice  were  then  soaked 
and  cooked  by  exactly  the  same  method  as  employed 
for  the  control  samples.  Compressed  material  treated 
in  this  manner  was  indistinguishable  from  uncom- 
pressed. 

Blocks  disintegrated  by  the  hot-soak  procedure 
generally  resulted  in  cooked  material  that  was  indis- 
tinguishable from  the  cooked  control  samples.  How- 
ever, in  a  few  instances  the  scores  indicated  that 
quality  was  slightly  lower  for  the  compressed  sample. 
This  appeared  to  be  entirely  due  to  the  use  of  soaking 
and  cooking  procedures  that  failed  to  rehydrate  the 
material  satisfactorily.  In  general  it  was  indicated 
that  the  material  should  be  held  at  the  soaking  tem- 
perature for  5  or  10  minutes  after  the  block  disinte- 
grates, after  which  the  temperature  may  be  raised  to 
boiling.  The  boiling  period  should  be  long  enough 
to  render  the  material  tender  and  to  effect  satisfac- 
tory rehydration.  The  exact  time  is  a  factor  which 
must  be  judged  by  the  person  preparing  the  food, 
but  in  general  about  15  minutes  is  required. 

Onions 

Heating  onion  flakes  containing  3  to  4  percent 
moisture  to  temperatures  in  the  range  of  120°  to 
140°  F.  was  found  desirable  to  promote  satisfactory 
cohesion  and  minimize  breakage. 

Preliminary  tests  were  carried  out  in  the  Carver 
press  with  the  flakes  heated  to  140°  F.  The  material 
contained  3  percent  moisture.  With  60  seconds 
dwell,  a  pressure  of  250  pounds  per  square  inch 
resulted  in  blocks  with  initial  densities  of  about  50 
pounds  per  cubic  toot.  Cooling  such  blocks  without 
any  form  of  restraint  gave  final  densities  of  46  pounds 
per  cubic  foot.  A  pressure  of  850  pounds  per  square 
inch  gave  initial  and  final  densities  of  70  and  69  pounds 
per  cubic  foot,  respectively.  Block  cohesion  was 
good  under  these  conditions.  Wrapping  blocks 
immediately  after  ejection  resulted  in  improved 
cohesion  and  reduced  expansion. 

A  rapid  compression  procedure  was  developed 
with  the  Baldwin  Southwark  press.  Material  con- 
taining 4  percent  moisture  was  heated  for  15  minutes 
in  a  stream  of  warm  air  (td,  130°  F.;  /„,  79°;  air 
velocity,  500  feet  per  minute).  Typical  results  for 
1 -pound  blocks  are  given  in  table  5. 

While  under  pressure  in  the  mold  the  blocks  at- 
tained densities  ranging  from  75  to  87  pounds  per 
cubic  foot,  depending  on  the  pressure  and  dwell. 
The  linear  expansion  of  block  length  and  width,  based 
on  mold  dimensions  and  final  dimensions  of  block, 
was  approximately  2.7  percent.  Expansion  of  the 
height  dimension  was  considerably  greater  but  was 


Table  5. — Results  of  compression  of  onion  flakes  under 
different  conditions  oj  pressure,  dwell,  and  cooling  pro- 
cedure 

[Moisture  content,   4.0  percent;  temperature,   130°  F.;  3-   by 
5-inch  mold] 
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readily  limited  to  desired  values  by  means  of  holding 
presses.  When  cooled  to  near  room  temperature,  the 
blocks  no  longer  tend  to  expand.  Densities  of  unre- 
strained blocks  at  various  times  after  ejection  are 
given  in  table  6.  These  values  are  of  interest  in  that 
they  indicate  the  lapse  of  time  permissible  between 
ejection  and  placement  in  holding  presses  which  have 
been,  set  to  restrict  expansion  when  the  block  has 
attained  a  desired  density. 

Organoleptic  tests  involving  small  cylindrical  blocks 
indicated  that  compression  at  various  pressures  with 
material  at  temperatures  in  the  range  of  120°  to  140°  F. 

Table  6. — Density  oj  unrestrained  onion-flake  blocks  com- 
pressed at  different  pressures  and  dwells,  at  various  times 
after  ejection 
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has  no  significant  effect  on  quality.  The  time  required 
to  effect  disintegration  of  1 -pound,  3-  by  5-inch  blocks 
in  water  at  200°  F.  was  27  minutes  for  a  density  of  70 
pounds  per  cubic  foot  and  7  minutes  for  a  density  of 
50  pounds  per  cubic  foot.  Results  of  organoleptic 
tests  on  compressed  material  disintegrated  by  the 
hot-soak  method  and  subsequently  cooked  indicated 
that  there  is  a  noticeable  decrease  in  palatability 
when  block  density  is  in  the  neighborhood  of  70 
pounds  per  cubic  foot.  Compressed  material  with  a 
density  of  50  pounds  per  cubic  foot  compared  very 
favorably  with  the  uncompressed.  It  was  noted  that 
the  compressed  material  develops  a  slightly  bitter 
taste  if  the  blocks  are  cooled  very  slowly. 

The  most  practicable  procedure  for  compression  of 
onions  appears  to  be  as  follows:  (1)  Heat  weighed 
portions  of  dehydrated  onions  to  130°  F.;  (2)  charge 
mold  and  compress  at  700  pounds  per  square  inch 
with  zero  dwell;  (3)  cool  blocks  in  holding  presses 
preset  to  restrain  expansion  when  block  density  drops 
to  55  or  50  pounds  per  cubic  foot;  (4)  forced-corn 
tion  cooling  of  the  restrained  blocks  is  advisable. 
This  procedure  results  in  plane-faced  blocks  that  are 
satisfactorily  cohesive  and  permits  accurate  control 
of  final  block  dimensions. 

Potatoes 

Many  complicating  factors  were  encountered  in 
attempting  to  develop  a  satisfactory  compression  pro- 
cedure for  dehydrated  potatoes.  More  than  an) 
other  commodity  studied,  the  potato,  by  reason  of  its 
physical  and  physiological  characteristics  and  tin- 
nature  of  its  responses  to  environmental  conditions, 
may  almost  be  thought  of  as  a  group  of  close!)  related 
commodities  rather  than  one  commodity.  Variety, 
stage  of  maturity,  location  where  grown,  with  its 
special  seasonal  and  soil  conditions,  storage  condi- 
tions, and  other  factors  .ill  influence  the  responses  of 
potatoes  to  dehydration  and  compression.  Earl)  in 
the  work  these  differences  became  evident. 

Considerable  time  was  devoted  to  the  stud)  o( 
varietal  adaptability,  the  effects  ol  sugar  content, 
moisture  content,  and  temperature  oi  material  on  the 
compressibility  o(  the  dehydrated  product,  and  re- 
lated matters.  The  problems  were  b)  no  means  en- 
tirel)  solved,  and  considerable  further  work  will 
probabl)  be  necessar)  to  develop  an  entirel)  s.uis- 
factor)    process.    Julienne  strip  and  half-dice  forms 

were    used    in    the   experiments      Compression   of  the 

extruded,  or  "riced,"  form  was  not  attempted. 

Of  the   eastern-grown   varieties    Katahdin,   Chip- 
pewa, Sebago,  Bliss  triumph,  and  Dakoi 
Triumph  and  Katahdin  yielded 


gray  in  color,  and  this  grayness  was  accentuated  on 
compression.  Chippewa  gave  the  most  attractive 
product.  Potatoes  of  the  same  varieties  grown  in 
Maryland  gave  more  attractive  dehydrated  products 
and  showed  more  cohesive  quality  than  those  grown 
in  Maine.  Differences  in  compressibility  were  not 
great,  but  the  Sebago  showed  somewhat  greater 
fragmentation. 

The  Russet  Burbank  variety  as  grown  in  the  Pacific 
Northwest  showed  less  tendency  to  discolor  in  the 
course  of  compression  and  subsequent  rehydration 
than  the  other  varieties  named. 

One  of  the  outstanding  characteristics  of  dehy- 
drated potato  strips  and  dice  is  their  tendency  to 
fracture  when  compressed  at  the  moisture  content  of 
7  percent  called  for  by  Army  specifications.  Their 
tendency  to  fracture  under  pressure  and  the  objec- 
tionable pasty  character  given  to  the  reconstituted 
and  cooked  product  by  the  free  starch  present  in  the 
fines  have  been  previously  mentioned. 

Several  factors  influence  the  amount  of  breakage. 
The  most  important  which  affect  the  cohesiveness  of 
the  block  are  (1)  moisture  content  of  the  product, 
(2)  percentage  of  natural  sugars  present,  and  (3)  tem- 
perature at  which  compression  is  done. 

Compression  at  higher  moisture  levels  results  in 
much  less  or  even  no  fragmentation,  but  other  prac- 
tical problems  arise  when  this  method  is  used.  Well- 
formed  blocks  may  be  prepared  with  material  con- 
taining about  15  percent  moisture,  but  either  the 
danger  of  bacterial  spoilage — or  at  least  poor  keeping 
quality — or  the  extra  expense  of  post-compression 
drying  is  incurred.  To  insure  a  reasonably  satisfac- 
tory storage  life  the  moisture  content  must  be  reduced 
to  7  percent,  or  preferably  even  less. 

Studies  have  shown  that  in  raw  potatoes  stored  at 
temperatures  near  the  freezing  point — a  condition  not 
uncommon  in  the  potato-growing  areas — there  is  an 
accumulation  of  natural  sugars.  It  has  also  been 
shown  that  the  presence  of  excessive  amounts  of  these 
sugars  leads  to  difficulties  in  dehydration,  poor  stabil- 
ity of  the  dry  product  in  storage,  and  decrease  in 
acceptability  as  a  table  product.  On  the  other  hand, 
the  compressibility  of  dehydrated  potatoes  is  improved 
by  high  sugar  content.  High  temperatures  also  favor 
compressibility,  but  at  the  same  time  they  hasten 
chemical  deterioration  of  the  product,  manifested  in 
a  reddening  or  browning  of  the  pieces  and  the  devel- 
opment of  an  objectionable  caramelized  flavor. 

An  interrelationship  exists  between  these  physical 
and  chemical  factors  and  the  table  quality  of  the  com- 
pressed product.  Table  quality  may  be  effectively 
destroyed  either  by  reactions  that  lead  to  scorching 
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or  by  excessive  fragmentation  and  the  accompanying 
pastiness  of  the  rehydrated  potato.  Scorching  may 
occur  during  dehydration  of  the  potatoes,  precom- 
pression  conditioning  at  elevated  temperature,  post- 
compression  holding  (if  the  rate  of  cooling  is  slow),  or 
even  during  rehydration  of  the  compressed  material  in 
hot  water.  The  influence  of  high  content  of  sugars, 
particularly  reducing  sugars,  on  the  sensitivity  of  de- 
hydrated potatoes  to  this  type  of  deterioration  is  so 
marked  that  vigorous  measures  have  been  taken  by 
Government  procurement  agencies  to  assure  the  use 
of  low-sugar  potatoes  only,  in  plants  producing  for 
Government  purchase.  In  spite  of  the  advantage  in 
compressibility  noted  at  high  sugar  contents,  it  ap- 
pears that  acceptable  raw  material  for  compression 
must  be  assumed  to  be  low  in  the  naturally  occurring 
reducing  sugars.  Keeping  in  view,  however,  the  ob- 
jective of  "the  best  table  product  obtainable  from  the 
material  available  for  compression,"  the  following  will 
indicate  the  best  leads  disclosed  by  the  research  and 
the  methods  through  which  they  were  derived. 

As  previously  mentioned,  the  minimum  moisture 
content  at  which  blocks  of  satisfactory  physical  prop- 
erties could  be  obtained  was  found  to  depend  to  a 
considerable  extent  on  the  total  sugar  content  of  the 
material.  Cohesion  of  the  compressed  material  was 
unsatisfactory  with — 

Total  sugar  content  (dry  basis),  2  to  3  percent. 
Moisture  content,  less  than  13  percent. 
Temperature,  160°  F. 

Raising  the  moisture  content  to  over  13  percent 
improved  cohesion  to  a  satisfactory  degree.  Other 
combinations  of  these  compression  conditions  under 
which  blocks  of  satisfactory  physical  properties  were 
obtained  were: 

Total  sugar  content,  4  percent  or  higher. 
Moisture  content,  1 3  percent. 
Temperature,  140°  F. 
Total  sugar  content,  6  percent. 
Moisture  content,  9  percent. 
Temperature,  160°  F. 

Material  for  compression  was  conditioned  by  a 
number  of  procedures  the  most  practical  of  which 
consisted  in  heating  it  on  trays  in  a  stream  of  humidi- 
fied air.  The  degree  of  humidity  required  depended 
on  the  moisture  content  of  the  unheated  material,  the 
moisture  content  required  for  satisfactory  compres- 
sion, and  the  heating  time.  The  heating  time  for 
material  at  room  temperature  containing  15  percent 
moisture  and  6  percent  total  sugars  was  5  minutes, 
when  heating  was  carried  out  in  a  cross-flow  air 
stream  with  wet-  and  dry-bulb  temperatures  of  124° 
and  145°  F.,  respectively,  and  air  velocity  in  the  con- 


I  ditioning  cabinet  about  400  feet  per  minute.  This 
I  heating  procedure  resulted  in  a  gain  of  0.5  percent  in 
I!  moisture  content.  With  material  containing  13.9  per- 
cent moisture  and  3.2  percent  total  sugars,  condition- 
I  ing  was  satisfactorily  effected,  without  materially 
li  altering  moisture  content,  by  heating  for  20  minutes 
I  at  wet-  and  dry-bull)  temperatures  of  140°  and  150° 
J  F.,  respectively. 

In  order  to  obtain  a  product  of  acceptable  organo- 
leptic quality  and  to  enable  it  to  disintegrate  rapidly 
on  reconstitution,  it  was  necessary  to  limit  block  den- 
sities to  a  maximum  of  about  50  pounds  per  cubic  foot. 
High  sugar  contents  were  found  to  permit  somewhat 
higher  densities  without  as  serious  impairment  of 
organoleptic  quality  as  observed  when  sugar  contents 
were  low.  Pressures  varying  from  200  to  500  pounds 
per  square  inch  were  required  to  form  blocks  of 
acceptable  density  with  a  dwell  of  60  seconds.  With 
a  dwell  of  3  seconds,  applicable  pressures  ranged  from 
800  to  2,000  pounds  per  square  inch.  In  the  experi- 
mental work  it  was  found  advisable  to  cool  the  blocks 
in  a  holding  press  so  as  to  retain  uniform  density. 

The  conditions  under  which  reasonably  satisfactory 
blocks  could  be  made  having  been  determined,  atten- 
tion was  given  to  a  study  of  possible  methods  for 
reducing  the  moisture  content  of  the  blocks  to  a  satis- 
factory level.  In  this  work  several  types  of  equipment 
were  investigated.  In  view  of  recent  developments  in 
the  field  of  electronics  some  exploratory  investigations 
were  conducted  using  high-frequency  heating  in 
vacuo.  Under  conditions  employed,  this  was  found 
to  have  little  or  no  advantage  over  direct  vacuum 
drying,  particularly  when  the  methods  were  compared 
on  the  basis  of  damage  to  the  product  (2).  British 
workers  have  recently  reported  the  results  of  similar 
work  on  drying  with  high-frequency  heating  and  have 
pointed  out  a  number  of  the  practical  difficulties 
involved  (4). 

Experiments  in  drying  potato  blocks  were  also 
carried  out  in  a  drier  in  which  heated  air  was  pulsated 
at  various  rates  between  atmospheric  and  supci  atmos- 
pheric pressures.  The  maximum  pressure  used  was  35 
pounds  per  square  inch.  Preliminary  experiments 
indicated  that  the  procedure  had  no  practical  advan- 
tage over  conventional  cabinet-  and  vacuum-drying 
methods. 

Most  of  the  block-drying  tests  were  carried  out  in  a 
vacuum-shelf  drier  or  a  cabinet  drier.     In  the  former, 

the  blocks  were  placed  Bat  on  shelves  heated  in  most 
of  the  tests  by  circulating  water  at  140°  I'.  Higher 
temperatures  caused   excessive   discoloration   kA    the 

blocks.  The  cabinet  drier  was  of  the  cross-How  type 
equipped  with  24-  by  42-inch  metal  grid   trays.     An 


air  temperature  of  140°  F.  was  used  in  most  case.  A 
somewhat  higher  drying  temperature  might  have 
been  used  safely  if  the  potatoes  had  been  sulfited  be- 
fore dehydration.     The  results  in  brief  were  as  follows: 

Approximately  6  hours  of  vacuum  drying  with  a 
circulating-water  temperature  of  140°  F.  (absolute 
pressure  about  4  millimeters  of  mercury)  was  required 
to  reduce  the  moisture  content  of  1-pound  blocks 
having  a  total  sugar  content  of  6  percent,  a  density  of 
about  50  pounds  per  cubic  foot,  and- measuring  6.5 
by  4.1  by  1.3  inches,  from  15.7  percent  to  the  Army 
specification  level  of  percent.  Identical  blocks 
dried  in  the  cross-flow  cabinet  (td,  140°  F.;  *„.,  84°  I 
air  velocity,  about  400  feet  per  minute)  reached  the 
7-percent  moisture  level  in  approximately  7  hours. 
Blocks  compressed  at  a  moisture  content  of  about  10 
percent  dried  in  approximately  two-thirds  the  time 
given  in  each  case.  The  most  rapid  drying  rates 
were  obtained  with  the  lowest  total  sugar  content. 
For  example,  blocks  of  the  same  size  and  density  con- 
taining 3.2  percent  total  sugars  and  13  percent  mois- 
ture dried  in  approximately  5  hours  in  both  driers. 

For  obvious  reasons  it  is  very  important  that  the 
moisture  content  of  the  dried  blocks  be  reasonabb 
uniform.  This  necessitates  the  use  of  material  that  is 
reasonabb  uniform  in  moisture  content  to  begin  with, 
careful  control  of  the  conditioning  process,  and  uni- 
form exposure  of  all  blocks  during  drying.  The 
results  of  carefully  controlled  experiments  involving 
small  batches  of  1-pound  blocks  indicate  that  the 
maximum  variation  in  block  moisture-  content  can  be 
held  at  0.6  percent.  That  is,  in  drying  batches 
blocks  to  the  specification  moisture-  level  the  moisture 
content    of  the   individual   blocks   general!)    ran] 

from    6.4    to   7    percent.     Moisture-   determinations   of 

material  cut  from  block  centers  and  exteriors  gave 

some  information  as  to  moisture-  gradients  within  the 
individual    freshly   dried    blocks.     The    moisture-    le-vc-1 

for  center  sections  of  vacuum-dried  blocks  was  about 
0.6  perceni  higher  th.m  for  exterior  section-..  The- 
corresponding  difference  in  air-dried  blocks  ran  as 
high  as  1  percent.  However,  these  gradients  dis- 
appeared in  3  to  6  days  when  the  blocks  were  - 
in  closed  containers  at  room  temperature. 

Drying  diel  not  adverse!)  affect  cohesiveness  ol 
Mocks  or  result  in  a  noticeable  change  in  their  shape. 
Post-ejection  expansion  o(  block  width  and  length 
coupled  with  contraction  during  drying  resulted  in  a 
net  linear  contraction,  kist-el  on  mold  dimensi 
of  approximate!)  1.5  percent.  Block  densit)  did  not 
change  material!)  during  the-  drying  p  the  con- 

traction of  dimensions  being  just  about  sufficient  to 
compensate  for  the  weight  ol  moisture  evap 


Rehydration  of  the  dried  blocks  was  effected  by 
soaking  them  in  water  at  200°  F.  One-pound  blocks 
with  densities  of  50  pounds  per  cubic  foot  disinte- 
grated in  45  minutes  or  less  when  so  treated.  The 
disintegrated  material  generally  required  a  cooking 
time  of  5  to  10  minutes. 

The  organoleptic  quality  of  the  dried  compressed 
material  was  usually  acceptable  if  the  precautions 
mentioned  were  observed.  In  all  cases,  however,  the 
quality  in  at  least  some  respects  was  inferior  to  that 
of  the  uncompressed  control  material  that  had  been 
dried  under  similar  conditions.  The  production  of 
fines  was  small  and  of  doubtful  significance  with  re- 
spect to  quality. 

Most  of  the  tests  on  1 -pound  blocks  were  confined 
to  stored  material  containing  approximately  6  per- 
cent total  sugars.  This  was  principally  due  to  the 
fact  that  much  of  the  work  on  the  drying  of  large 
blocks  was  carried  out  during  the  summer  months 
when  only  stored  raw  material  was  available.  How- 
ever, a  small  number  of  tests  on  1 -pound  units  con- 
taining 3.2  percent  total  sugars  were  conducted  at  the 
close  of  the  study,  and  the  results  supported  the  con- 
clusions drawn  from  work  on  2-ounce  blocks.  The 
tests  on  material  of  very  low  sugar  content  (2  percent 
total  sugars)  involved  2-ounce  blocks  only. 

The  bulk  density  of  uncompressed  potato  strips  and 
dice  at  the  Army  specification  moisture  level  (7  per- 
cent) varies  considerably  for  different  conditions  of 
dehydration  but  generally  is  about  23  pounds  per 
cubic  foot  for  the  diced  product  (dice  %6  by  %  by  % 
inch)  and  1 5  pounds  per  cubic  foot  for  strips  (approxi- 
mate dimensions,  %  by  %  by  2  inches).  Thus,  since 
50  pounds  per  cubic  foot  appears  to  be  the  maximum 
density  permissible  for  dehydrated  potato  blocks,  com- 
pression results  in  a  volume  reduction  of  approxi- 
mately 54  percent  for  the  diced  product  and  70  per- 
cent for  the  stripped  product. 

Owing  to  the  extremely  variable  character  of  de- 
hydrated products  derived  from  the  different  widely 
grown  potato  varieties  and  the  modification  in  these 
products  that  may  readily  occur  under  present  un- 
standardized  methods  of  handling  raw  stocks  and  of 
processing,  it  is  emphasized  that  the  information  pre- 
sented under  this  head  should  be  considered  merely 
as  a  summary  of  preliminary  findings  and  not  as  a 
suggested  procedure  for  immediate  practical  applica- 
tion. It  is  felt  that  much  further  work  must  be  done 
with  potatoes  before  it  is  definitely  known  whether  an 
entirely  satisfactory  compressed  product  can  be  con- 
sistently produced. 


Rutabagas 

Diced  and  sliced  rutabagas  containing  from  5.5  to 
6.9  percent  moisture  (as  determined  by  the  16-hour, 
70°  O,  2  millimeter-grind,  vacuum-oven  method) 
compressed  satisfactorily  when  heated  to  tempera- 
tures in  the  range  of  150°  to  160°  F. 

In  one  series  of  experiments  diced  rutabagas  con- 
taining 5.6  percent  moisture  were  compressed  in  the 
Carver  press  with  dwell  held  at  60  seconds  and  mold 
and  material  at  160°  F.  With  compression  at  450 
pounds  per  square  inch  the  density  of  the  blocks  im- 
mediately after  ejection  was  60  pounds  per  cubic  foot. 
Unrestrained  blocks  expanded  considerably  while 
cooling  to  room  temperature  and  attained  a  final  den- 
sity of  approximately  51  pounds  per  cubic  foot.  Under 
conditions  otherwise  identical,  a  pressure  of  1,350 
pounds  per  square  inch  resulted  in  blocks  with  initial 
and  final  densities  of  69  and  64  pounds  per  cubic  foot, 
respectively.  Fines  produced  under  these  condition 
were  negligible,  and  the  blocks  were  satisfactorily 
cohesive  both  before  and  after  cooling. 

In  preliminary  tests  the  dehydrated  material  was 
conditioned  for  compression  by  heating  .  in  closed 
containers  to  the  desired  temperature.  In  later  work 
the  air-stream  method  of  conditioning  was  used. 
The  material  was  placed  on  trays  and  exposed  to  a 
cross-flow  stream  of  air  with  a  velocity  over  the  trays 
of  approximately  500  feet  per  minute.  The  air  was 
humidified  slightly  so  as  to  prevent  surface  drying  of 
the  food  pieces.  With  air  wet-  and  dry-bulb  tem- 
peratures at  95°  and  150°  F.,  respectively,  the  con- 
ditioning time  for  diced  material  containing  5.6  per- 
cent moisture  was  20  minutes.  No  significant  change 
in  the  moisture  content  of  the  material  occurred  dur- 
ing the  conditioning  process. 

One-pound  blocks  of  diced  material  were  com- 
pressed at  rapid  rates  in  the  Baldwin  Southwark  press. 
The  material  contained  5.6  percent  moisture  and  was 
conditioned  in  a  stream  of  air  as  described  above. 
Compression  conditions  ranged  from  2,000  pounds 
per  square  inch  with  15  seconds  of  dwell  to  5,500 
pounds  per  square  inch  with  zero  dwell.  The  mold 
density,  or  maximum  density  of  block  during  com- 
pression, ranged  only  from  93  to  98  pounds  per  cubic 
foot  for  this  wide  range  of  compression  conditions. 
That  is,  mold  density  was  fairly  constant  regardless  of 
variations  in  pressure  and  dwell.  The  blocks  tended 
to  expand  rapidly  when  ejected  from  the  press,  and 
it  was  necessary  to  employ  holding  presses  in  order  to 
secure  reasonably  cohesive  blocks.  As  was  the  case 
with  beets,  carrots,  and  various  other  commodities, 


I 


28 


Hthe  linear  expansion  of  Mock  length  and  width, 
based  on  mold  dimensions  and  final  block  dimensions, 
[iwas  fairly  small  (about  4  percent);  most  of  the  expan- 
sion was  in  the  thickness  of  the  blocks.  The  rate  of 
fclock  expansion  and  the  effect  of  expansion  on  block 
Ipohesiveness  are  indicated  in  table  7.  Typical  com- 
pression results  when  holding  presses  were  used  are 
given  in  tabic  8. 

Any  one  of  the  sets  of  compression  conditions  listed 
in  table  8  leads  to  the  formation  of  plane-faced  blocks 
■that  are  acceptable  from  the  standpoint  of  physical 
(characteristics.     In  the  case  of  compression  at  2,000 
■pounds   per  square  inch  with   15   seconds  of  dwell, 
['the  final  block  density  of  77  pounds  per  cubic  foot  is 
too  high  to  permit  rapid  disintegration  of  the  block, 
but    a    much    lower   final   density   could    have    been 
obtained  simply  by  setting  the  restraining  surfaces  of 
hthe  holding  press  farther  apart.     Of  the  various  sets 
[of  compression  conditions  listed,  that  combining  com- 
pression at  5,500  pounds  per  square  inch  with  zero 
[dwell  is  considered  to  be  the  most  desirable  because 

Table  7. — Expansion  of  unrestrained  1-pound  blocks  of 
diced  rutabagas  compressed  in  a  3-  by  5-inch  mold  under 
different  conditions  of  pressure  and  dwell 

5,500  Pounds  per  Square  Inch  Pressure,  Zero  Dwell 


Age 


6  seconds . 
1  5  seconds  . 
60  seconds . 

2  minutes . 

3  minutes . 


Block 
thick- 
ness 2 

Block 
density 

Pounds 

Centi- 

pet 

cubic 

rmiii  I 
4.87 

joot 
59 

5.47 

53 

5.98 

48 

6.16 

4" 

6.26 

46 

Cohesive  quality 


Fair. 

Do. 
Poor. 

Very  poor. 
Could  not  be  handled 


B500  1'ounds  per  Square  Inch  Pressure,  3  Seconds  Dwell 


5  seconds  . 
1 5  seconds . 
(■()  seconds . 

2  minutes  . 

4  minutes . 


4.47 

65 

4.97 

58 

5.45 

53 

5.68 

51 

5.87 

I" 

Good. 

Fair. 

Poor. 

Do. 
\Ci\  poor. 


2,000  Pounds  per  Square   Imh   Pressure,   15  Seconds  Hhiii. 


in  seconds . 

1  5  seconds  . 
60  seconds  . 

2  minutes . 
IS  minutes . 


I    12 

70 

4.27 

68 

4.74 

61 

4.  95 

59 

5.  42 

>3 

Good. 

Do, 
Fair. 

Do. 
Fair  to  poor. 


1    rime  alter  ejection  from  press. 
Expansion    61   block    length    and    width    after    ejection    was 

Negligible. 


Table  8. — Block  density  and  cohesive  quality  of  dehydrated 
rutabagas  compressed  under  dijferent  conditions  of  pri 
and  dwell 

|  Moisture  content,  5.6   percent;  temperature,  150°  F.;  Baldwin 
Southwark  press;  3-  by  5-inch  mold;  1-pound  bid  ks;   ill  b 


cooled  in  wooden  holding  press] 

Pressure 

Dwell 

Final  block 
density  ' 

Cohesive  quai 

ity 

Pounds  /"  i 

Poilllfi 

square  inch 

Seconds 

cubic  foot 

4,000 

1 

65 

Good. 

2,  500 

3 

71 

Do. 

5,500 

1 

67 

Do. 

5,  500 

0 

66 

Do. 

2,000 

15 

77 

Very  good. 

1  Determined  immediately  after  removing  blocks  from  hold- 
ing press — no  significant  change  24  hours  later.  Kxpansion  of 
each  block  was  restrained  within  3  seconds  after  ejection:  the 
tabulated  densities  are,  therefore,  practically  the  same  as  the 
block  densities  immediately  after  ejection. 

it  permits  completion  of  a  compression  cycle  in  the 
shortest  time. 

Visual  examination  of  the  compressed  blocks  indi- 
cated that  compression  under  the  conditions  described 
does  not  result  in  physical  damage  to  the  dehydrated 
material.  Analyses  for  fines  showed  that  practicalK 
no  pulverization  occurs,  the  fines  present  in  the  com- 
pressed and  uncompressed  samples  being  practicalK 
identical.  Fines  were  determined  by  rehydrating  the 
materials  overnight  and  then  making  the  separation 
b\  means  of  sieves,  as  previousb  described.  In  general, 
the  fines  contained  in  both  the  compressed  and  un- 
compressed products  amounted  to  slight!)  less  than 
1  percent. 

One-pound  blocks  of  dice,  approximate!)  1.8  b)  ; 
by  5  inches,  with  density  at  63  pounds  per  cubic  foot, 
required  about  3  hours  to  disintegrate  when  immei 
in  water  at  room  temperature.  Since  tins  w.is  con- 
sidered excessively  long,  tests  were  made  with  water 
heated  to  200°  V.  The  periods  required  for  dis- 
integration of  1-pound  blocks  of  different  densit)  in 
water  at  200°  F.  were  as  follows: 

:me 

Block  densit)  (pounds  per  cubic  fool  :  W 

65    I         

(.(..  I  

1  8  [5 

It  was  also  found  possible  to  disintegrate  the  dr)  bit 

of    dice    rapidl)     b)     simple    hand    methods    without 

damaging  the  material  appreciably. 
In  the  organoleptic  tests  the  uncompressed  controls 

were  soaked  in  cool  water  for  1   hour  .\\\A  then  boiled 

for  15  minutes,  blocks  disintegrated  b)  hand  were 
reconstituted  in  the  same  way,  and  the  resulting 
materia]  was  found  to  be  indistinguishable  from  the 


cooked  control  samples.  However,  when  the  com- 
pressed blocks  were  disintegrated  by  the  hot-soak 
procedure  the  compressed  material  generally  received 
lower  scores  for  texture  and  flavor  than  did  the  con- 
trols. Possibly  the  lowering  of  quality  was  due  to 
the  fact  that  the  temperature  was  raised  to  boiling  as 
soon  as  the  block  disintegrated.  It  may  be  that  using 
a  lower  soaking  temperature  or  soaking  the  dis- 
integrated material  for  a  short  time  before  heating  to 
the  boiling  point  would  maintain  quality.  It  would 
appear  desirable  to  determine  these  points  by  further 
experiments. 

SWEETPOTATOES 

Because  the  sweetpotato  is  relatively  high  in  sugar 
content  and  rather  stable  as  a  dehydrated  product, 
it  can  be  made  into  compressed  blocks  with  much  less 
difficulty  than  the  white  or  Irish  potato.  There  are 
two  main  types  of  sweetpotatoes,  the  southern  or 
moist  type,  well  represented  by  the  Porto  Rico  variety, 
and  the  Jersey  or  dry  type,  of  which  the  Maryland 
Golden  and  Big  Stem  Jersey  are  well-known  repre- 
sentatives. In  order  to  have  a  clear  understanding  of 
what  to  expect  from  this  commodity,  another  fact 
needs  to  be  borne  in  mind:  the  character  of  the  de- 
hydrated product  from  freshly  dug  sweetpotatoes 
differs  considerably  from  that  of  the  product  from 
potatoes  cured  and  stored  in  the  usual  way.  This 
difference  is  manifested  in  a  higher  total  polysaccha- 
ride content,  calculated  as  starch,  in  the  freshly  dug 
potatoes,  and  a  higher  total  sugar  content  in  the  cured 
sweetpotatoes. 

These  differences  are  not  so  marked  in  the  dry  or 
Jersey  type  as  in  the  moist  southern  types.  The  prac- 
tical significance  of  this  is  that  both  the  dry  and  the 
freshly  dug  moist  types  are  less  readily  compressed 
into  cohesive  blocks.  In  spite  of  these  differences, 
however,  both  types,  at  all  market  and  manufacturing 
stages,  have  relatively  high  sugar  contents,  and  it 
would  appear  that  with  suitable  compression  condi- 
tions they  should  yield  satisfactory  blocks.  Further 
research,  however,  is  necessary  to  determine  for  all 
varieties  just  what  those  conditions  may  be.  The 
experiments  reported  here  were  performed  on  com- 
mercial dehydrated  products. 

Experiments  with  material  of  the  Porto  Rico 
variety,  of  different  moisture  contents  and  heated  to 
various  temperatures,  showed  that  acceptable  blocks 
can  be  made  under  a  considerable  range  of  com- 
pression conditions.  There  were,  however,  marked 
differences  in  the  compression  results  obtained  with 
batches  of  material  secured  from  commercial  de- 
hydrators  located  in  different  growing  areas. 


One  batch  of  diced  material  containing  4  percent 
moisture  made  good  blocks  when  heated  to  158°  F. 
and  pressed  at  2,800  to  3,800  pounds  per  square  inch 
with  15  seconds  of  dwell.  Immediately  after  ejection 
from  the  press  these  blocks  had  densities  of  75  to  77 
pounds  per  cubic  foot.  Heating  to  a  temperature  of 
140°  F.  gave  good  blocks  of  slightly  lower  density. 
Results  obtained  with  two  other  lots  of  diced  material 
under  a  considerable  range  of  compression  conditions 
are  given  in  table  9.  The  warm  blocks  tended  to 
expand  rapidly  when  ejected  from  the  press  and  it 
was  found  necessary  to  cool  them  under  restraint. 
The  blocks  were  removed  from  the  holding  press  when 
cooled  and  were  then  found  to  have  no  significant 
tendency  to  expand  or  to  lose  cohesiveness  on  standing. 

The  most  practical  procedure  developed  in  the 
course  of  the  work  was  to  heat  the  material  on  wire- 
mesh  trays  in  a  slightly  humidified  air  stream  (tdt 
150°  F.;  tw,  105°  F.;  air  velocity,  500  feet  per  minute) 
for  20  minutes,  which  caused  no  appreciable  change 
in  moisture  content,  and  then  to  compress  at  pressures  ; 
ranging  from  3,000  to  4,000  pounds  per  square  inch. 
The  dwell  required  for  the  formation  of  satisfactory 
blocks  ranged  from  3  to  15  seconds  for  two  different 
lots  of  material,  as  shown  in  table  9.  When  provision 
was  made  for  rapid  ejection  after  compression,  the 
final  block  density  after  cooling  in  a  holding  press  was 
approximately  65  pounds  per  cubic  foot.  When  con- 
siderable time  was  required  to  eject  the  block  from 
the  mold,  as  in  compression  with  the  Elmes  press,  the 
final  density  was  about  60  pounds  per  cubic  foot. 
The  total  linear  expansion  of  block  length  and  width, 
based  on  dimensions  of  the  cooled  block  and  of  the 
mold  cavity,  ranged  from  2  to  5  percent;  the  actual 
values  obtained  under  a  given  set  of  conditions 
differed  considerably  for  lots  of  different  origin. 

Compression  under  the  conditions  indicated  in 
table  9  of  materials  at  150°  to  160°  F.  produced  only 
a  small  amount  of  fines.  For  example,  in  material 
containing  approximately  6  percent  moisture,  fines 
before  compression  ranged  from  1.4  to  1.7  percent; 
the  blocks,  when  compressed  slowly  or  rapidly  at  low 
or  at  high  pressures,  contained  not  more  than  3  per- 
cent of  fines.  One-pound  blocks,  measuring  approxi- 
mately 1.7  by  3  by  5  inches  and  with  densities  of 
about  69  pounds  per  cubic  foot,  disintegrated  in  10 
minutes  or  slightly  less  when  immersed  in  water  at 
200°  F. 

Cooking  time  required  for  the  disintegrated  material 
was  approximately  10  minutes  at  212°  F.  Uncom- 
pressed controls  employed  in  the  organoleptic  tests 
were  soaked  in  cool  water  for  1  hour  and  then  boiled 
for   10  minutes.    With  these  reconstitution  methods 
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Table   9. — Block  density  and  cohesive  quality  of  dehydrated  sweetpotatoes,  Porto  Rico  variety,  compressed  under  di/t 

conditions  of  temperature,  pressure,  and  dwell 


Press 

Tempera- 
ture of 
press  and 
material 

Pressure 

Dwell 

Block  density 

Cohesive  quality  of 
cooled  block  i 

Lot  No.1 

Initial 

Final 2 

C105R 

Baldwin  Southwark .... 
...  do 

°F. 

160 
160 
160 
150 
150 
150 
150 
160 
150 
150 
150 
150 
150 
140 
160 
160 
160 
160 

Pounds  per 

square  inch 

4,000 

4,000 

4,000 

4,000 

5,  500 

4,000 

3,000 

3,000 

3.000 

4,000 

600 

800 

1,000 

1,000 

400 

600 

800 

1.000 

Seconds 
1 

15 

30 

15 

10 

3 

3 

3 

3 

3 

30 

30 

30 

30 

30 

30 

30 

30 

Pounds  per 
cubic  fool 

4  96 

4  96 

4  96 

4  96 

4  97 

4  96 
4  94 

Pounds  per 
cubic  Joot 

Poor. 

Fair. 

Fair  to  good. 

Fair. 

Do. 
Good. 

Do. 

Do. 
Fair. 
<  rood. 

Poor. 
Fair. 
Good. 
Fair. 

Do. 
Good. 

Do. 
Very  good. 

Do 

66 
69 
63 
60 
67 
67 
65 
59 
59 

Do    . 

. . do .  . 

Do.  . 

do 

Do.  . 

do 

croR 

do.  . 

Do 

.  .  do .  . 

Do 

Elmes 

Do.  . 

do 

566.  5 

568 

568 

571 

575 
572 

5  65 
5  70 
576 

5  78 

Do.  . 

do 

Do.  . 

Carver 

Do. 

do 

63 
67 
64 
60 
62 
68 
69 

Do 

. .do.  . 

Do 

. .do.  . 

Do 

do 

Do.  . 

do 

Do.  . 

do 

Do.  . 

do 

1  Lot  C105R:  Total  sugar  content,  dry  basis,  37  percent;  moisture  content,  6.1  percent.     Lot  C70R:  Total  sugar  content,  35 
percent;  moisture  content,  6.6  percent.    The  lots  were  obtained  from  two  different  commercial  dehydrators. 

2  All  blocks  restrained  in  holding  presses  until  cool. 

3  Material  rated  "fair"  was  considered  acceptable. 

4  The  mold  density  of  the  block;  i.  e.,  block  density  immediately  prior  to  release  of  high  pressure. 

5  Value  determined  immediately  after  ejection  of  the  block  from  the  mold. 


the  rehydration  ratio  was  slightly  higher  for  the  com- 
pressed samples  than  for  the  controls.  Also,  organo- 
leptic quality  was  little  affected,  and  in  most  cases  no 
difference  between  compressed  material  and  controls 
could  be  detected.  The  combination  of  a  high  con- 
ditioning temperature  (176°  F.),  a  press  temperature 
of  140°  F.,  and  a  pressure  of  3,800  pounds  per  square 
inch,  however,  resulted  in  injury  to  both  flavor  and 
texture. 

Experiments  with  diced  sweetpotatoes  of  the  Mary- 
land Golden  variety  (a  dry  type)  at  different  moisture 
levels  and  with  different  conditioning  temperatures 
gave  disappointing  results.  Material  having  5  per- 
cent moisture  failed  to  give  satisfactory  blocks  when 
heated  to  158°  F.  and  compressed  at  pressures  rang- 
ing from  2,800  to  5,200  pounds  per  square  inch  with 
15  seconds  of  dwell.  There  were  also  excessive  break- 
age and  crushing.  Under  the  same  range  of  condi- 
tions, fair  blocks,  as  the\  came  from  the  press,  were 
obtained  from  material  containing  7.5  percent  mois- 
ture-. These  had  a  density  of  63  to  67  pounds  per 
cubic  foot,  but  alter  cooling  the  coherence  was  poor 
and  fragmentation  and  crushing  were  found  to  be 
rather  high. 

Diced  deh\ drated  sweetpotatoes  prepared  commer- 
cially from  an  unnamed  white-skinned.  light-fleshed 
variety  of  the  drv  type  also  compressed  less  satisfac- 


torily than  the  Porto  Rico.  This  material,  containing 
7.1  percent  moisture,  was  heated  to  160°  F.  in  clos 
containers  to  avoid  any  possibility  of  surface  drying. 
Pressures  in- the  range  of  1.000  to  1.500  pounds  per 
square  inch  at  30  seconds  of  dwell  resulted  in  fairly 
satisfactory  blocks  with  initial  densities  of  66  to  71 
pounds  per  cubic  loot.  The  blocks  were  restrained 
in   a   holding  press  until   cool   and   had    final  densities 

ranging  from  64  to  70  pounds  per  cubic  foot.  There 
was  no  noticeable  elicit  of  the  treatment  on  organo- 
leptic <|ualit\ .  The  uncompressed  material  contained 
1.8  percent  tines,  whereas  the  lines  contained  in  the 
compressed   product   amounted   to  approximately   5 

percent. 

The  coherence  of  the  cooled  blocks  o\  this  light- 
fleshed  varietj  was  onl)  fair;  pieces  tended  to  chip  off 
the  edges  unless  the)   were  \n\   carefull)    handled. 

Pressures  lower  than   1,000  pounds  per  square  inch 

resulted    in    inferior    blocks.        I  ight    paper    wrappers 

proved  to  be  unsatisfactory  .is  a  substitute  for  holding 
presses  in  restraining  the  blocks  during  cooling;  the 
compression  faces  of  the  wrapped  blocks  bulged  ob- 
jectionably, rests  .ii  rapid  compression  rates  were 
not  conducted  with  tins  variety,  bui  results  with    ; 

seconds   of    dwell    indicated    that    \cr\    high    pressures 

would  be  required  to  give  satisfactory  results 

Termination  of  the   projecl   while   this  work   was  in 
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progress  prevented  determination  of  the  conditions 
best  adapted  to  the  making  of  satisfactory  blocks 
from  sweetpotatoes  of  the  dry  type. 

COMPRESSION  OF  SPECIFIC  DEHYDRATED  FRUITS 5 

Apple  Nuggets 

Dehydrated  apple  nuggets  6  at  moisture  levels  rang- 
ing from  1.3  to  2.1  percent  compressed  satisfactorily 
when  heated  to  120°  or  130°  F.  One-pound  blocks 
were  compressed  at  120°  F.  in  the  Elmes  press  at 
pressures  of  100  to  1,000  pounds  per  square  inch.  The 
press  was  fitted  with  a  mold  having  a  6%-  by  2%-inch 
cavity.  The  mold  was  maintained  at  a  temperature 
of  120°  F.  Blocks  compressed  at  pressures  ranging 
from  200  to  1,000  pounds  per  square  inch  with  dwells 
of  %  to  30  seconds  were  of  good  cohesive  quality  and 
of  desirably  high  density.  Compression  at  100  pounds 
per  square  inch  resulted  in  blocks  that  were  satisfac- 
torily cohesive,  but  block  density  was  unsatisfactorily 
low.  The  warm  blocks  tended  to  expand  rapidly,  and 
in  order  to  prevent  excessive  expansion  it  was  found 
desirable  either  to  wrap  the  blocks  or  to  place  them  in 
a  holding  press  until  cool.  Densities  attained  with 
compression  at  minimum  and  maximum  pressures  and 
dwells  are  given  in  table  10. 

Table  10. — Densities  of  apple  nuggets  under  various  condi- 
tions of  compression  in  the  Elmes  press  and  paper-wrapped 
Jor  cooling 

[Temperature,   120°   F.;  moisture  content,   1.3  to  2.1  percent] 


Dwell 

Density  as 

Density  after 

ejected 

cooling 

Pounds  per 

Pounds  per 

Pounds  per 

square  inch 

Seconds 

cubic  foot 

cubic  foot 

100 

Vi 

29.3 

28.7 

100 

30 

35.6 

34.9 

1.000 

y-i 

67 

61 

1,000 

30 

76 

73 

Within  the  range  of  1.3  to  2.1  percent  moisture  no 
relationship  was  found  between  moisture  content  and 
block  density.  At  any  compression  pressure  the  den- 
sity of  the  ejected  blocks  increased  with  the  time  of 
dwell.  The  wrapped  blocks  swelled  slightly  while 
cooling,  and  as  a  result  the  compression  faces  of  the 
blocks  became  somewhat  convex.  Bulging  was 
greater  after  the  shorter  dwells.     It  was  difficult  to 

5  Data  on  the  reduction  in  volume  brought  about  by  com- 
pression are  given  in  table  18,  p.  44. 

6  [U.  S.]  Army  Quartermaster  Corps,  tentative  speci- 
fication, apple  nuggets;  dehydrated.  CQD  No.  78B,  7  pp. 
1 944.     [Processed.] 
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secure  a  uniformly  tight  wrap,  and  for  that  reason 
final  block  densities  varied  considerably.  However, 
when  blocks  were  cooled  in  holding  presses,  density 
of  block  was  readily  held  constant  for  a  given  set  of 
compression  conditions,  and  block  faces  did  not 
bulge.  It  would  therefore  appear  that  the  use  of 
holding  presses  is  essential  where  uniformity  of  density 
and  good  appearance  are  important  considerations. 

Tests  involving  rapid  compression  were  also  con- 
ducted with  the  Baldwin  Southwark  food  press.  As 
compared  with  the  Elmes  press,  the  Baldwin  South- 
wark press  provides  for  much  faster  ejection  of  blocks 
and  greater  ram  speeds.  For  these  reasons  alone  the 
results  obtained  with  these  two  presses  could  be  ex- 
pected to  differ  considerably. 

The  material  for  the  tests  was  weighed  into  small 
wire-mesh  baskets  and  conditioned  by  heating  for  20 
minutes  in  an  air  stream  with  dry-bulb  temperature 
130°  F.,  wet-bulb  temperature  73°  F.,  and  air  velocity 
500  feet  per  minute.  The  material  initially  contained 
1 .8  percent  moisture,  and  results  of  analyses  on  com- 
pressed blocks  showed  no  significant  change  in  moist- 
ure content  in  the  over-all  compression  process.  The 
mold  was  maintained  at  130°  F.  and  measured  ap- 
proximately 3  by  5  inches.  Summarized  results  for 
various  compression  conditions  are  given  in  table  11. 

It  will  be  observed  in  table  11  that  the  density  ofj 
the  block  while  under  pressure  in  the  mold  was  prac- 
tically constant  regardless  of  the  pressure  applied. 
However,  as  will  be  seen  in  table  1 2,  it  was  found  that 
compression  conditions  have  a  material  effect  on  the 
rate  and  degree  of  expansion  after  the  block  is  ejected. 

Table    11. — Densities    of   apple    nuggets    under    various 
conditions  of  compression  in  the  Baldwin  Southwark  press 

[Temperature,  130°  F.;  moisture  content,  1.8  percent] 


Pres- 

Dwell 

Mold 
den- 

Cooling condi- 

Final 
block 

Block  cohe- 

sure 

sity  ' 

tions 

den- 
sity 

siveness 

Pounds 

Pounds 

Pounds 

per 

per 

per 

square 

cubic 

cubic 

inch 

Seconds 

foot 

foot 

4,000 

0 

100 

Not  restrained .  .  . 

55 

Good. 

4,000 

0 

100 

Holding  press.  .  .  . 

2  68 

Very  good. 

2,000 

3 

101 

Not  restrained .  .  . 

61 

Good. 

1,200 

0 

99 

Holding  press.  .  .  . 

2  68 

Very    good. 

1,200 

0 

100 

Not  restrained .  .  . 

53 

Good. 

1,200 

3 

100 

Holding  press. .  .  . 

2  69 

Very   good. 

800 

0 

99 

Not  restrained  .  .  . 

52 

Fair. 

800 

0 

100 

Holding  press .... 

2  67 

Good. 

1  Density  of  block  while  in  mold  under  high  pressure. 

2  Block    expansion    was    restrained    within    20    seconds    after 
ejection. 


■  Table     12. — Expansion    during    codling    of    unrestrained 
apple-nugget  blocks  compressed  under  different  conditions 

[Material  compressed  at  130°  F.  in  Baldwin  Southwark  press; 
1%-pound  blocks,  3-  by  5-inch  mold;  blocks  cooled  in  still 
air  at  room  temperature] 


800  Pounds  per  Square  Inch  Pressure, 

Zero  Dwell 

Block  age  l 

Block 
height  2 

Block 
density 

Cohesive 
quality 

10  seconds 

1  minute 

3  minutes 

Centi- 
meters 
5.67 
6.83 
7.23 
7.37 
7.44 
7.60 

Pounds 
per 

cubic 

foot 
69.8 
58.0 
54.8 
53.8 
53.3 
52.  1 

Good. 
Do. 
Do. 

Fair. 

9  minutes 

Do. 

24  hours 

Do. 

4,000  Pounds  per  Square  Inch  Pressure,  Zero  Dwell 


10  seconds 

5.48 
6.48 
6.60 
6.76 
6.82 
7.  19 

72.8 
61.  5 
60.4 
59.0 
58.5 
55.5 

Very  good. 
Good. 

Do. 

Do. 

Do. 

1  minute 

3  minutes 

9  minutes 

24  hours 

Do. 

2,000  Pounds  per  Square  Inch  Pressure,  3  Seconds  Dwell 


10  seconds. 
1  minute.  . 
3  minutes . 
6  minutes . 
9  minutes . 
24  hours .  . 


5.34 

74.9 

6.07 

65.9 

6.28 

63.7 

6.40 

62.6 

6.43 

62.2 

6.58 

60.7 

Very  good. 

Do. 
Good. 

Do. 

Do. 

Do. 


1  Time  after  ejection  from  mold. 

2  Practically  no  expansion  of  block  length  or  width  occurred 
after  ejection. 

Measurement  of  mold  dimensions  and  of  the  eooled 
blocks  showed  that  the  expansion  of  block  Length  and 
width  is  such  that  the  dimensions  of  the  mold  cavii\ 
should  be  about  6  percent  smaller  than  the  dimen- 
sions of  the  desired  block.  Expansion  after  ejection 
was  almost  entirely  confined  to  the  height  dimension 
ol  the  block.  Blocks  compressed  under  identic. il  con- 
ditions did  not  always  attain  the  same  height  when 
allowed  to  expand,  and  this  led  to  considerable  vari- 
ation of  block  density,  for  example,  final  densities 
for  expanded  blocks  that  had  been  compressed  at 
4,000  pounds  per  square  inch  with  zero  dwell  ranged 
from  33.7  to  37.7  pounds  per  cubic  foot.    However, 

the   use  of  holding   presses   made   it    possible   to  avoid 

this  kind  of  variation  and  at  the  same  time  made 
feasible  the  attainment  of  higher  final  densities. 

The  blocks  had  no  significant  tendency  to  expand 
when  cooled  to  room  temperature  and  retained  their 


cohesiveness  on  standing.  Because  of  the  hydro- 
scopic nature  of  this  commodity,  long  exposure  to 
normal  atmosphere  was  carefully  avoided  and  cooling 
conditions  were  selected  to  avoid  significant  absorp- 
tion of  moisture. 

It  will  be  observed  from  the  data  in  table  12  that 
higher  block  densities  cannot  be  secured  if  there  is 
considerable  delay  in  restraining  expansion.  Obvi- 
ously, a  holding  press  with  properly  spaced  platens 
would  enable  the  operator  to  restrict  block  density 
to  any  desired  value  by  restraining  at  the  proper  time 
after  ejection. 

Disintegration  of  blocks  was  best  effected  through 
immersion  in  heated  water.  The  time  required  v.. is 
found  to  be  excessive  when  the  blocks  were  soaked  in 
water  at  room  temperature.  For  example.  1 -pound 
blocks  (density  54  pounds  per  cubic  foot,  dimensions 
approximately  3  by  5  by  2.1  inches)  did  not  break 
up  completely  when  soaked  in  water  at  70°  F.  for  24 
hours.  Complete  disintegration  was  obtained  in  a 
practical  length  of  time  with  water  at  200°  F.  Results 
for  typical  blocks  from  a  3-  by  5-inch  mold  were  as 
follows: 

Disintegration  time 

1-pound  blocks:  {Mil 

Block  density  68  pounds  per  cubic  foot 26 

Block  density  62  pounds  per  cubic  foot 25 

1^-pound  blocks:  Block  density  66  pounds  per  cubic  foot.  25 

Blocks  with  densities  ranging  from  53  to  67  pounds 
per  cubic  foot  were  disintegrated  by  this  hot-soak 
procedure  and  then  cooked  for  the  organoleptic  tests. 
Comparison  of  the  resulting  sauce  with  that  prepared 
from  the  uncompressed  nuggets  proved  that  com- 
pression has  no  significant  effect  on  flavor,  color,  taste, 
texture,  or  appearance.  Bach  of  these  characteristics 
was  rated  as  "very  good"  or  "good."  1  he  control 
samples  were  reliv  draled  by  simmering  at  J  1 .2  °  1".  for 

30  minutes.  There  v\.is  no  significant  difference  in 
the  rehydration  ratios  for  the  compressed  and  uncom- 
pressed samples. 

Apricots 

The  work  on  apricots  was  restricted  to  dehydrated 

halves  at  moisture  levels  of  18.7  and  13.2  percent. 
Most    oi    the   compressions   were   conducted    with    the 

C  larver  press  and  inv  olv  ed  formation  of  4-ounce  blot  ss 
A  lew  blocks  weighing  16  pounds  were  formed  in  a 
b»-  bv  1 0-inch  mold  in  the  limes  press.     The  Baldwin 

Southwark   press  was   not    available   for  work  on   this 

commodity.     Compression  was  carried  out   at   two 

temperature   levels,    }     '    and    120°    1         the    relations 

oi  block  density  to  various  compression  conditions  are 

••iven  m  table   1  3. 
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Table    13. — Densities  of  blocks  of  apricot  halves  under 
various  compression  conditions 


Block  density 

Temperature 
of  material 

(°F.) 

Mois- 
ture 
content 

Pres- 
sure 

Dwell 

Initial  1 

1  day 
later  2 

Pounds 

Pounds 

Pounds 

Percent 

per 

square 

inch 

Seconds 

per 
cubic 
foot 

per 

cubic 
foot 

77 

13.2 
13.2 
13.2 
13.2 
13.2 
13.2 
13.2 
13.2 
13.2 
13.2 
13.2 
13.2 
13.2 

50 

100 

300 

600 

900 

1,500 

3,000 

5,000 

300 

1,  500 

300 

1,  500 

50 

60 
60 
60 
60 
60 
60 
60 
60 
0 
0 
15 
15 
60 

69 
80 
81 
82 
84 
84 
84 
84 
74 
81 
80 
81 
80 

47 

77 

55 

77 

64 

77 

69 

77 

67 

77 

64 

77 

66 

77 

64 

77 

59 

77 

62 

77 

62 

77 

61 

120 

59 

120 

13.2 

100 

60 

83 

66 

120 

13.2 

300 

60 

86 

73 

120 

13.2 

600 

60 

86 

73 

120 

13.2 

900 

60 

86 

73 

120 

13.2 

1,500 

60 

86 

73 

120 

13.2 

3,000 

60 

86 

75 

77 

18.7 
18.7 
18.7 

100 
300 
900 

60 
60 
60 

79 
78 
80 

59 

77 

55 

77 

56 

1  Determined  immediately  after  ejection  of  the  block. 

2  Blocks  continued  to  expand  upon  further  standing. 

Injury  to  skins  was  first  noted  at  1,500  pounds  per 
square  inch  with  compression  at  room  temperature, 
and  at  900  pounds  per  square  inch  with  compression 
at  120°  F.  Good  initial  cohesion  was  not  produced 
at  pressures  under  100  pounds  per  square  inch. 
Pressures  higher  than  300  pounds  per  square  inch 
with  dwells  of  1 5  and  60  seconds  had  very  little  effect 
on  the  density  of  the  ejected  blocks. 

As  indicated  in  table  13,  there  is  a  marked  decrease 
in  block  density  when  the  blocks  are  left  unrestrained 
for  24  hours.  This  decrease  in  density  is  due  almost 
entirely  to  expansion  counter  to  the  direction  of  com- 
pression; that  is,  expansion  results  in  an  increase  of 
block  height,  but  length  and  width  dimensions  re- 
main practically  constant.  Compression  at  a  higher 
temperature  lessens  the  tendency  to  expand.  Re- 
straint in  holding  presses  for  24  hours  after  ejection 
to  fix  block  shape  and  dimensions  was  not  successful, 
as  the  results  were  not  permanent.  Wrapping 
blocks  was  likewise  unsatisfactory  as  a  restraining 
method;  the  block  faces  bulged  excessively.  Imme- 
diate boxing  of  the  blocks  was  found  to  be  essential 
to  maintenance  of  high  block  density. 

Rehydration  tests  were  conducted  with  blocks 
weighing  4  ounces.    The  blocks,  and  also  samples  of 


the  uncompressed  material,  were  soaked  in  cool 
water  for  \l)t  hours  and  rehydration  ratios  were 
then  determined.  Regardless  of  the  pressure  and 
temperature  employed  in  compression,  there  were 
no  significant  differences  between  the  rehydration 
ratios  for  the  blocks  and  the  uncompressed  controls. 

As  previously  mentioned,  a  few  16-pound  blocks 
were  formed  in  a  10-  by  10-inch  mold.  In  forming 
these  blocks  it  was  necessary  to  compress  with  a  dwell 
of  15  seconds  or  longer.  Results  indicated  that  dwells 
considerably  shorter  than  1 5  seconds  can  be  used  with 
4-ounce  blocks,  but  limitations  of  the  equipment  i 
available  for  compression  in  large  molds  made  it  im- 
possible to  show  whether  this  holds  for  large  blocks. 
Immediately  after  compression  the  16-pound  blocks 
were  placed  in  wooden  boxes  made  from  %-inch 
shook,  and  the  boxes  were  then  nailed  and  strapped.  . 

The  bulk  density  of  the  uncompressed  apricots  that 
contained  13.2  percent  moisture  was  35  pounds  per  - 
cubic  foot.  Compression  at  300  pounds  per  square 
inch,  at  room  temperature,  with  a  dwell  of  15  seconds 
results  in  blocks  with  initial  densities  of  approximately 
80  pounds  per  cubic  foot.  Allowing  for  about  5  per- 
cent expansion  during  the  packing  operation,  the  final 
density  of  the  boxed  block  is  75  pounds  per  cubic  foot. 
Thus  the  volume  reduction,  based  on  initial  and  final 
densities  of  the  dried  fruit,  is  approximately  53  percent. 

Cranberries 

Compression  tests  on  cranberries  involved  whole 
fruit  dehydrated  to  a  moisture  content  of  5.5  percent. 
Compression  was  carried  out  with  pressures  ranging 
from  400  to  4,000  pounds  per  square  inch  with  the 
material  at  room  temperature  (70°  F.),  110°,  150°, 
160°,  and  180°  F. 

Compression  at  room  temperature  resulted  in  blocks 
of  poor  cohesive  quality;  at  higher  temperatures 
cohesiveness  was  considerably  improved.  Optimum 
cohesive  quality  was  obtained  when  compression  was 
applied  to  material  at  150°  F.,  with  the  mold  at  room 
temperature.  With  the  mold  heated  to  150°  F.,  the 
compressed  material  tended  to  stick  to  the  metal  dies, 
and  surface  material  tended  to  curl  and  flake  off  the 
blocks  when  they  were  ejected  from  the  press.  The 
use  of  cool  molds  keeps  the  material  from  sticking  to 
metal  surfaces  and,  where  compression  involves  sev- 
eral seconds  of  dwell,  a  beneficial  effect  is  obtained 
through  cooling  of  the  block  surface.  This  cooling 
reduces  the  plasticity  of  the  compressed  material  and 
tends  to  set  the  surfaces  of  the  block  and  to  reduce 
post-ejection  expansion.  Naturally  this  effect  is  more 
pronounced  the  thinner  the  block  and  the  longer  the 
dwell. 
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In  compressing  thick  blocks  of  cranberries  with 
dwells  as  long  as  30  seconds  the  cooling  ('fleeted  by 
the  mold  was  not  sufficient  to  retard  block  expansion 
materially.  As  a  result  the  block  density  immedi- 
ately after  ejection  was  considerably  lower  for  thick 
blocks  than  for  thin  ones.  In  fact,  for  1-pound  blocks 
measuring  approximately  3  by  5  by  2  inches  the 
expansion  during  ejection  was  so  great  as  to  produce 
blocks  of  objectionably  low  density.  However,  it  was 
found  possible  to  increase  block  density  by  applying 
a  slight  force  by  hand  to  the  compression  faces  of  the 
block  immediately  after  ejection.  The  block  can 
then  be  restrained  and  cooled  at  the  higher  density. 

As  an  example,  a  test  is  cited  in  which  a  1 -pound 
block  was  compressed  in  a  3-  by  5-inch  mold  at  2,000 
pounds  per  square  inch  with  5  seconds  of  dwell, 
material  at  150°  F.,  and  the  mold  at  a  temperature  of 
70°  F.  The  blocks  attained  a  density  of  about  90 
pounds  per  cubic  foot  while  under  maximum  pres- 
sure in  the  press,  and  the  block  density  immediately 
after  ejection  (about  1  second  after  release  of  maxi- 
mum pressure)  was  approximately  37  pounds  per 
cubic  foot.  The  density  of  the  block  was  readily 
increased  to  52  pounds  per  cubic  foot  by  pressing  the 
two  compression  faces  of  the  block  between  the  hands, 
and  it  was  then  possible  to  cool  the  block  at  this  higher 
density.  It  would  appear  to  be  a  very  simple  matter 
to  construct  a  holding  press  that  would  be  capable  of 
accomplishing  this  slight  recompression  mechanically. 
For  example,  a  holding  press  of  the  type  shown  in 
figure  12  could  be  constructed  with  diminishing  clear- 
ance between  restraining  surfaces  at  the  charging 
end  so  as  to  increase  block  density  to  the  desired  value. 
The  pressure  required  for  recompression  to  a  density 
of  52  pounds  per  cubic  foot  is  about  4  pounds  per 
square  inch. 

Table  14. — Effects  of  various  compression  conditions  on  block 
[Material  at  150°  F.;  molds  at  70°  F.;  bulk  density  oi 


Results  obtained  in  typical  tests  with  2-ounc< 
16-ounce  blocks  are  summarized  in  table  14.  In 
these  tests  the  material  was  heated  at  150°  F.  and  th<- 
molds  maintained  at  70°  F.  The  mold  used  with  th<- 
Carver  press  in  forming  2-ounce  blocks  was  of  the  2- 
by  3-inch  size.  The  16-ounce  blocks  were  formed  in 
a  3-  by  5-inch  mold.  Thus,  while  under  pressure 
in  the  mold  the  16-ounce  blocks  were  approximately 
3  times  as  thick  as  the  2-ounce  blocks.  Since  this  led 
to  a  considerable  difference  in  the  degree  of  cooling 
effected  during  compression,  the  densities  of  the 
ejected  blocks  differed  considerably  in  the  two  ca 
The  values  given  in  the  table  under  "Initial  block 
density"  were  determined  immediately  after  eje<  ting 
the  block  from  the  press. 

Under  the  compression  conditions  described  in 
table  14  the  blocks  attained  densities  ranging  from 
89  to  94  pounds  per  cubic  foot  while  under  pressure  in 
the  press.  Regardless  of  the  compression  conditions  ii 
was  necessary  to  restrain  expansion  of  block  thick: 
as  soon  as  the  block  was  ejected.  The  expansion  of  the 
block  in  a  direction  perpendicular  to  the  axis  of  com- 
pression was  only  about  4  percent. 

The  cooled  blocks  were  desirably  cohesive,  but  they 
expanded  perceptibly  in  several  hours  if  not  restrained 
in  some  manner.  In  practice,  they  should  be  tightly 
wrapped  or  packed  in  wooden  boxes.  Blocks  that 
were  tightly  wrapped  in  cellophane  immediately  after 
cooling  in  a  holding  press  decreased  in  densit\  from  an 
initial  value  of  52  pounds  per  cubic  loot  to  a  final 
stable  value  of  45  pounds.  At  the  lower  density  the 
wrapper  fitted  the  blocks  very  tightly  and  prevented 
further  expansion.  The  decrease  in  density  was 
almost  entirely  d\n-  to  expansion  of  block  thickness 
Bulging  of  the  compression  faces  of  the  wrapped 
expanded  blocks  was  barely  apparent.     Close-fitting 

density  and  cohesive  quality  of  dehydrated  whole  a 
uncompressed  material,  12     pounds  per  cubic  foot 


Press 

Approxi- 
mate block 
weight 

Pi  cssni  e 

Dwell 

Initial 

block 

density 

Initial  cohesion 

HI.',  k  den- 
sity    .it  tee 
.  ooling 

hesio 

Oun   • 

1        I 

1             16 

\             i" 

I             '" 
16 
lo 

1              16 

Pounds  l>ii 

M/iian-  inch 
ion 
800 

1.  200 

sun 

'.  000 

>00 

\  000 

\  000 
I,  000 

S    onds 
JO 
30 

Ml 
\0 

5 
\o 

5 
•mi 

5 

Pounds  firi 
tt 

56 
60 

4: 

i  ! 

■il 

>2 

»2 

•' 

do      

Do 

Baldwin 

Southwark 

do 

.1..      

do 

do        

a,. 

Do 

D 

Do 

1  Block  was  cooled  in  a  holding  press  ol  the  compartment  type,  such  .i^liimn  in  figure  11. 
I  lie  ejected  block  was  si  1 1  no  ted  to  a  slight  compressive  force  to  in<  rease  blo<  k  density  and  then  restrained  in  a  holdin  . 
at  this  higher  density  until  cool. 


cartons  gave  approximately  the  same  result  as  the 
cellophane  wrappers. 

Because  of  the  nature  of  cranberries  and  the  form 
in  which  they  are  generally  presented  as  food,  it  was 
considered  unnecessary  to  determine  the  percentage 
of  fines  produced  as  a  result  of  compression.  It  may 
be  mentioned,  however,  that  there  was  no  visual 
evidence  of  crushing  or  breakage  when  the  berries 
were  compressed  after  being  heated  to  temperatures  of 
110°  F.  or  higher.  A  very  small  amount  of  fines  was 
formed  when  the  berries  were  compressed  at  room 
temperature. 

Samples  of  compressed  and  of  uncompressed  ma- 
terial were  compared  as  to  organoleptic  quality  and 
ease  of  rehydration.  The  samples  employed  in  the 
organoleptic  tests  were  rehydrated  and  cooked  by  the 
conventional  procedure  (7).  In  determining  rehydra- 
tion ratios  the  uncompressed  and  compressed  samples 
were  boiled  in  water  for  14  minutes  without  prior 
soaking,  and  drained  weights  were  obtained  by  filter- 
ing the  reconstituted  materials. 

Blocks  compressed  according  to  procedures  outlined 
in  table  14,  with  densities  of  50  to  55  pounds  per  cubic 
foot,  were  easily  broken  apart  by  hand.  Two-ounce 
blocks  and  pieces  of  similar  weight  broken  from  pound 
blocks  fell  apart  in  approximately  3  minutes  when  im- 
mersed in  water  at  200°  F.  Organoleptic  tests  showed 
that  the  resulting  material  formed  a  cooked  product 
that  was  indistinguishable  from  that  prepared  from 
the  uncompressed  material.  There  were  no  significant 
differences  between  rehydration  ratios  for  uncom- 
pressed and  compressed  samples. 

As  indicated,  compression  at  longer  dwells  results  in 
less  expansion  during  ejection  and  in  slower  expansion 
immediately  after  ejection.  In  spite  of  these  advan- 
tages, compression  with  dwells  of  30  seconds  would 
not  be  practical  with  a  single-block  press,  since  it 
would  lead  to  low  productive  capacity.  The  most 
practicable  procedure  for  preparing  blocks  weighing 
1  pound  or  less  would  appear  to  consist  in  pressing 
the  cranberries  at  150°  F.  in  a  cool  mold  at  a  pressure 
of  2,000  pounds  per  square  inch  with  5  seconds  of 
dwell.  The  ejected  blocks  should  be  restrained  in  a 
holding  press  at  a  density  of  about  55  pounds  per  cubic 
foot  and  subsequently  wrapped  and  packed  in  con- 
tainers capable  of  restraining  expansion.  Block 
densities  obtained  with  this  procedure  will  range  from 
about  45  to  55  pounds  per  cubic  foot,  depending  on 
the  type  of  container,  and  the  volume  reduction  will 
range  from  72  to  77  percent. 

The  compression  characteristics  of  cranberries  indi- 
cate that  it  may  be  advantageous  to  compress  the 
material  directly  in  cans  or  other  containers  instead  of 


employing  procedures  that  result  in  the  formation  of 
cohesive  blocks.  Cohesion  of  the  compressed  mass 
within  the  container  would  not  be  important,  so  that 
it  would  probably  not  be  necessary  to  heat  the  material 
before  compression. 

Peaches 

Dehydrated  peach  halves  were  found  to  respond  to 
compression  in  much  the  same  way  as  dehydrated 
apricot  halves  of  similar  moisture  content.  The  peach 
halves  used  in  the  tests  contained  10.7  percent  mois- 
ture. Compressions  were  carried  out  in  the  Carver 
laboratory  press  and  in  the  Elmes  press.  Blocks 
formed  in  the  Carver  press  weighed  4  ounces,  whereas 
those  formed  in  the  Elmes  press  weighed  14  pounds. 
Tests  were  made  with  material  heated  to  120°  F.  and 
at  room  temperature.  Molds  were  maintained  at  the 
same  temperature  as  the  material.  Dwells  of  30 
seconds  and  60  seconds  were  used,  but  it  is  possible 
that  acceptable  results  can  be  secured  with  shorter 
dwells.  The  Baldwin  Southwark  press,  which  would 
have  permitted  experimentation  with  shorter  dwells, 
was  not  available  for  work  on  this  commodity. 

Compression  results  obtained  with  the  Carver  press 
are  summarized  in  table  15.  It  should  be  particularly 
noted  that  a  dwell  of  60  seconds  was  used  in  the  tests 
with  this  press. 

Table  15. — Density,  degree  of  skin  injury,  and  cohesive  qual- 
ity of  dehydrated  peach  halves  under  various  compression 
conditions 

[Moisture  content,  10.7  percent;  Carver  press;  dwell,  60  seconds; 
4-ounce  blocks;  expansion  not  restrained] 


Block  < 

density 

Pres- 

Tem- 

pera- 

ture 

Ini- 

1 day 

tial! 

later  2 

Ponnds 

Pounds 

Pounds 

per 

per 

per 

square 

cubic 

cubic 

inch 

°F. 

foot 

foot 

50 

79 

59 

100 

79 

69 

58 

300 

79 

81 

58 

600 

79 

81 

63 

900 

79 

81 

63 

1,500 

79 

81 

64 

2,500 

79 

82 

64 

50 

120 

65 

100 

120 

74 

59 

300 

120 

78 

68 

600 

120 

78 

69 

900 

120 

79 

69 

1,200 

120 

77 

70 

Sk 


in  injury 


Initial  cohe- 
sive quality 


Negligible Fell  apart. 

....  do Poor. 

....  do |  Good. 

Slight i  Do. 

..  .   do Do. 

Appreciable  .  .  .  .  Do. 

Serious Do. 

Negligible Very  poor. 

Slight Poor. 

.  .  .  .do Fair. 

Appreciable .  .  .  .  Good. 

Serious Do. 

....  do !  Do. 


1  Determined  immediately  after  ejection  of  the  block. 

2  Blocks  continued  to  expand  upon  further  standing. 
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From  tabic  15  it  will  he  seen  that  initial  black 
density  reached  a  maximum  at  a  pressure  of  about 
300  pounds  per  square  inch  and  that  higher  pressures 
were  objectionable  because  they  resulted  in  breakage 
of  skins.  Damage  to  skins  was  negligible  when  mate- 
Irial  at  room  temperature  was  compressed  at  300 
pounds  per  square  inch,  but  with  material  at  120°  F. 
damage  occurred  at  a  pressure  of  100  pounds  per 
square  inch.  Pulp  was  extruded  from  the  mold  at 
relatively  high  pressures.  Extrusion  was  first  observed 
at  a  pressure  of  2,500  pounds  per  square  inch  when  the 
material  was  compressed  at  room  temperature  and  at 
600  pounds  per  square  inch  when  the  material  was  at 
120°  F.  The  results  show  definitely  that  dehydrated 
peach  halves  at  the  11 -percent  moisture  level  should 
be  compressed  at  room  temperature  and  at  a  pressure 
of  300  pounds  per  square  inch  when  the  process 
involves  a  dwell  of  60  seconds. 

Under  all  compression  conditions  imposed,  the 
blocks  had  a  pronounced  tendency  to  expand  after 
ejection.  In  consequence,  immediate  packaging  in 
rigid  containers  was  found  to  be  essential  to  main- 
tenance of  initial  block  density.  Post-ejection  expan- 
sion was  almost  entirely  confined  to  the  thickness 
dimension;  expansion  perpendicular  to  the  axis  of 
compression  was  negligible.  The  restraint  offered  by 
tight  paper  wraps  was  not  sufficient  to  prevent  objec- 
tionable bulging  of  the  compression  faces  of  the 
blocks. 

Blocks  formed  at  room  temperature  and  120°  F. 
through  application  of  pressures  up  to  900  pounds  per 
square  inch  with  60  seconds  dwell  rehydrated  as 
readily  as  did  the  uncompressed  dried  fruit  when 
soaked  in  water  for  17U  hours. 

Blocks  weighing  16  pounds  were  formed  in  a  1(1-  by 
10-inch  mold  with  the  Elmes  press.  The  material 
was  compressed  at  room  temperature  with  30  seconds 
dwell  at  a  pressure  of  300  pounds  per  square  inch. 
Immediately  after  ejection  the  blocks  were  placed  in 
boxes  made  from  Vinch  shook,  and  (he  boxes  were 
then  nailed  and  strapped.  This  method  of  packing 
restrained   block  expansion  and   resulted   in  a   final 

block  density  of  73  pounds  per  cubic  fool.     Since  the 

uncompressed  peaches  had  a  densit)  of  36  pounds  per 

cubic  fool,  the  procedure  resulted  in  a  volume  reduc- 
tion of  approximately  47  percent. 

Prunes 

Whole  prunes  thai  had  been  dried  to  a  moisture 
content  of  12.1  percent  were  used  in  compression 
experiments.  The  count  was  approximate!)  55  prunes 
per  pound,  and  the  weight  ratio  of  pulp  to  pits  was 
approximate!)   5.6  to  1 . 


The  material  was  compressed  in  the  <  arv<  r  lab 
tory  press  and  in  the  Elmes  press.  Tests  with  the 
Carver  press  consisted  in  pressing  5-ounce  blocks 
various  pressures  with  60  seconds  dwell  and  with  the 
material  either  at  room  temperature  or  at  120°  F. 
The  Elmes  press  was  used  in  pressing  16-pound  blocks 
with  30  seconds  dwell. 

Results  obtained  with  the  Carver  press,  which  are 
briefly  summarized  in  table  16,  showed  that  com- 
pression of  the  material  at  120°  F.  has  no  advantage 
over  compression  at  room  temperature.  Also,  it  was 
indicated  that  compression  at  60  seconds  dwell  should 
be  carried  out  at  a  pressure  of  about  300  pounds 
per  square  inch.  A  pressure  of  600  pounds  per  square 
inch  resulted  in  some  damage  to  pits,  while  at  300 
pounds  such  damage  was  negligible.  Damage  to  skins 
occurred  at  100  pounds  per  square  inch  when  the 
material  was  at  120°  F.  and  at  600  pounds  per  square 
inch  when  compression  was  conducted  at  room 
temperature.  At  room  temperature  and  at  a  pres- 
sure of  600  pounds  per  square  inch,  damage  to  skins 
was  slight.  Blocks  compressed  at  pressures  up  to 
900  pounds  per  square  inch,  at  room  temperature  or 
120°  F.,  rehydrated  quite  as  readily  as  did  the  un- 

Table      16. — Compression     characteristics     of    dehydrated 
whole  prunes 

[Moisture  content,    12.4   percent;  compression   at   60  seconds 
dwell,  in  the  Carver  press;  blocks  not  restrained  aftei   ejection] 
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compressed  prunes  when  soaked  for  17%  hours  in 
water  at  room  temperature. 

Blocks  compressed  at  room  temperature  or  at  120° 
F.  had  a  serious  tendency  to  fall  apart  shortly  after 
compression.  A  tight  cellophane  wrap  was  tried  as 
a  means  of  holding  the  block  together  and  preventing 
an  excessive  decrease  of  density,  but  the  wrapper  did 
not  prevent  objectionable  bulging  of  the  compression 
faces  of  the  block.  Packing  the  blocks  in  rigid  con- 
tainers, however,  overcame  this  difficulty.  For 
example,  in  tests  with  the  Elmes  press  the  material 
was  compressed  in  a  10-  by  10-inch  mold  at  a  pressure 
of  300  pounds  per  square  inch  with  30  seconds  of  dwell, 
and  immediately  after  ejection  the  blocks,  weighing 
16  pounds  each,  were  placed  in  wooden  boxes.  The 
boxes  were  made  of  %-inch  shook  and  were  nailed  and 
strapped  immediately  after  being  filled.  This  pro- 
cedure prevented  bulging  and  maintained  block 
density  at  73  pounds  per  cubic  foot,  but  extreme  care 
is  required  in  handling  the  blocks  and  a  moderate 
delay  in  packing  results  in  the  falling  apart  of  the 
block. 

All  things  considered,  it  appears  that  dehydrated 
prunes  should  be  compressed  directly  in  containers 
with  a  sleeve  insert  as  protection  for  the  container 
walls.  This  sleeve  could  be  backed  up  by  a  mold 
outside  the  container.  Compression  at  room  tem- 
perature with  a  1 -minute  dwell  at  100  pounds  per 
square  inch  would  raise  the  density  of  prunes  at  the 
12-percent  moisture  level  to  79  pounds  per  cubic 
foot,  which  would  amount  to  about  73  pounds  after 
the  removal  of  the  filling  sleeve.  This  procedure 
would  eliminate  handling  of  the  block  and  would 
simplify  closing  and  strapping  the  containers  immedi- 
ately after  compression.  Since  the  uncompressed 
fruit  has  a  density  of  about  43  pounds  per  cubic  foot, 
the  volume  reduction  would  be  approximately  41 
percent.  Formation  of  a  highly  cohesive  block  is 
obviously  not  essential  in  this  procedure,  so  com- 
pression could  probably  be  carried  out  with  zero 
dwell. 

COMPRESSION     OF     SPRAY-DRIED     WHOLE     EGG 
POWDER 

The  spray-dried  whole  egg  powder  used  in  the 
compression  experiments  was  procured  from  various 
commercial  plants.  It  conformed  to  the  Quarter- 
master Corps  specifications  in  force  during  the  course 
of  the  work.  (See  footnote  3,  p.  2.)  At  the  outset 
the  tests  were  confined  to  material  containing  5  per- 
cent moisture.  At  a  later  date  specifications  cover- 
ing Army  purchases  were  revised  to  require  that 
the   moisture  content  not  exceed  2  percent.     How- 
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ever,  a  large  volume  of  powder  at  the  5-percent  mois- 
ture level  continued  to  be  accepted  in  some  markets, 
and  consequently  attempts  were  made  to  develop 
compression  procedures  for  both  types  of  material. 
Compression  characteristics  at  the  lower  and  higher 
moisture  levels  were  found  to  be  very  different. 

The  compression  characteristics  of  spray-dried 
whole  egg  powder  can  be  best  understood  if  it  is 
borne  in  mind  that  the  material  consists  of  hollow 
punctured  spheres  with  diameters  ranging  frorm 
about  20  to  100  microns  and  with  a  lipoid  content  in 
excess  of  40  percent.  These  properties  tend  to  result 
in  entrapment  of  air  within  the  block  during  com- 
pression. When  considerable  air  is  entrapped  and! 
compressed  within  the  material  the  blocks  tend  to 
"explode",  or  crack,  as  soon  as  pressure  is  released 
from  the  dies.  Blocks  containing  even  slight  cracks 
cannot  be  subjected  to  the  required  handling  with- 
out falling  apart.  Therefore,  compression  must  ba 
carried  out  under  conditions  that  minimize  occlusion 
of  air. 

The  design  of  the  mold  was  found  to  have  consider- 
able influence  on  compression  results,  and  consequent- 
ly various  types  were  tested.    These  were  as  follows: 

1 .  Plain  nonfloating  mold,  with  plane-faced  interior  walls. 
The  mold  box  and  lower  die  were  held  in  fixed  positions  during 
compression. 

2.  Plain  floating  mold,   also  with  the  interior  walls   plane- 
faced.     The  form  of  construction  permitted  the  mold  box  to 
float  during  compression — that  is,  when  binding  occurred  at  i 
the  wall  surfaces  the  mold  box  moved  with  the  material  and 
thus  equalized  the  force  applied  by  the  two  mold  dies. 

3.  Grooved  nonfloating  mold.  Similar  to  the  plain  non- 
floating  mold  except  that  vertical  grooves,  J^2  inch  wide  and 
}i6  inch  deep,  were  machined  in  the  walls  of  the  mold  box  so  as 
to  facilitate  escape  of  air.  The  grooves  were  spaced  approxi- 
mately %  inch  apart.  Clearance  between  die  and  walls  was 
0.007  inch. 

4.  Grooved  floating  mold.  Similar  to  the  plain  floating  mold 
except  that  the  mold  box  was  grooved.  Clearance  between  die 
and  walls  was  0.007  inch. 

5.  Vacuum  mold  shown  in  figure  7  (p.  11).  Of  the  non- 
floating  type;  permitted  evacuation  of  air  from  the  mold  box 
during  compression.  The  air  was  withdrawn  through  J^4-inch 
holes  machined  in  the  faces  of  the  mold  dies.  Each  square  inch 
of  die  face  contained  45  holes.  The  clearance  between  dies 
and  walls  was  0.004  inch. 

The  procedures  used  experimentally  to  compress 
egg  powder  are  briefly  described  and  discussed  in  the 
following  pages.  Except  where  otherwise  stated, 
these  procedures  had  no  significant  effect  on  organo- 
leptic quality  or  fluorescence  as  determined  by  Army 
specification  methods.  In  addition  the  compressed 
material  was  easily  reduced  to  a  powder  by  hand, 
after  which  it  was  as  readily  reconstituted  as  the  un- 
compressed material.     In  evaluating  the  effectiveness 


;of  the  various  compression  procedures  described  below, 
jit  should  be  remembered  that  the  bulk  density  of  un- 
!  'compressed  egg  powder  is  approximately  26  pounds 
■per  cubic  foot. 

Compression  of  Whole   Egg  Powder  Containing 
5  Percent  Moisture 

Compression  of  Blocks 

Under  suitable  conditions  it  was  found  possible  to 
form  satisfactory  blocks  of  5-percent  moisture  con- 
i  tent  without  heating  or  otherwise  conditioning  the 
material.  One  lot  with  a  moisture  content  slightly 
•  below  5  percent  responded  satisfactorily  when  heated 
to  90°  F.  Powder  containing  5  percent  moisture  does 
not  flow  freely  at  room  temperature  and  therefore 
i  cannot  be  handled  readily  in  automatic  weighing 
equipment  of  conventional  design.  In  view  of  this 
difficulty  some  compression  experiments  were  con- 
ducted at  — 7°  F.  and  at  +35°  F.,  temperatures  at 
which  the  material  is  practically  free  flowing,  but  it 
was  not  found  possible  to  form  satisfactorily  cohesive 
blocks  at  these  low  temperatures. 

The  pressure  required  to  form  acceptable  blocks  at 
room  temperature  was  found  to  range  from  approxi- 
mately 600  to  1,500  pounds  per  square  inch.  The 
value  applicable  in  a  given  case  depends  principally 
on  the  moisture  content  of  the  material,  the  tempera- 
ture, the  type  of  mold  employed,  and  the  rate  of  com- 
pression. With  a  given  set  of  conditions  excessive 
pressure  generally  results  in  cracked  blocks,  whereas 
insufficient  pressure  results  in  poor  cohesive  quality. 
Blocks  with  a  density  of  50  pounds  per  cubic  foot  are 
satisfactorily  cohesive  if  free  of  cracks,  but  when  the 
density  is  only  3  or  4  pounds  lower  the  compressed 
material   lacks  cohesiveness  and  tends  to  fall  apart 

when  handled. 

Compression  results,  particularly  when  compressing 
is  done  at  rapid  rates,  depend  to  a  very  ureal  extent 
on  the  type  of  mold  employed.  Molds  of  the  non- 
floating  type  were  found  to  have  less  tendency  to  form 
cracked  blocks  than  those  of  the  floating  type.  Ap- 
parently this  is  due  to  the  former  ha\  ing  less  tendency 
during  compression  to  seal  at  both  ends  and  entrap 

air.  The  propensity  of  both  types  of  molds  to  form 
cracked  blocks  was  considerably  reduced  by  grooving 

the  interior  walls  ol  the  mold  box.  l'he  \  acuum  mold, 
as  will  be  explained,  gave  better  results  than  am 
other  type. 

Pressures  ranging  from  600  to  900  pounds  per  squat  e 
inch  were  required  to  form  satisfactory  blocks  at  slow 
compression  rates;  thai  is,  with  nip,  dwell,  and  clear 
pei  iods  of  lOj  30,  and  In  seconds,  respectively.    Pres- 


sures of  about  1,000  pounds  per  square  inch  resul 
in  cracked  blocks  except  in  the  vacuum  mold.  Blocks 
formed  in  the  latter  were  sound  even  when  compressed 
at  2,000  pounds  per  square  inch,  but  oil  began  to  be 
expressed  from  the  powder  at  about  1,500  pounds  per 
square  inch.  At  the  last-named  pressure  the  final 
density  of  block  was  57  pounds  per  cubic  foot.  The 
maximum  density  of  block  attainable  with  molds  that 
are  not  evacuated  is  about  50  pounds  per  cubic  foot. 

Experiments  in  the  formation  of  4-ounce  blocks  in 
2-  by  3-inch  molds  showed  that  molds  of  the  vacuum 
type  are  especially  suited  to  compression  at  rapid  rates. 
The  vacuum  mold  gave  satisfactory  results  at  pressures 
of  1,000  to  1,500  pounds  per  square  inch  with  nip. 
dwell,  and  clear  periods  of  2,  1,  and  1  seconds,  respec- 
tively. With  the  same  dwell  and  clear,  the  grooved 
nonfloating  mold  required  a  nip  period  of  4  seconds 
for  satisfactory  results,  whereas  the  grooved  floating 
mold  required  a  nip  period  of  at  least  10  seconds.  In 
view  of  the  long  nip  period  required  for  the  floating 
mold  it  is  concluded  that  this  type  is  not  suited  to  the 
rapid  compression  of  egg  powder.  This  conclusion 
was  verified  by  results  obtained  with  the  Baldwin 
Southwark  press,  which  is  also  equipped  with  a 
grooved  mold  of  the  floating  type.  In  this  case  the 
blocks  weighed  1  pound,  and  sufficiently  satisfai  tor) 
results  could  not  be  obi. lined  without  resorting  to  the 
use  of  nip  periods  of  at  least  10  seconds  and  a  dwell 
of  2  seconds. 

Egg-powder  blocks  containing  5  percent  moisture 
have  only  a  slight  tendency  to  expand  after  ejection 
from  the  mold,  and  it  is  not  necessary  to  restrain 
them  in  holding  presses.  Expansion  after  ejection  is 
5  percent  lor  the  height  dimension  and  1  percent  for 
the  length  and  width  dimensions.  The  blocks  remain 
plane-faced  on  expanding.  Nie\  should  be  wrapped 
as  soon  as  possible  alter  compression,  and  since  the 
material  is  hygroscopic,  long  exposure  to  normal 
atmosphere  should  be  avoided.  FotaJ  expansion. 
based  on  dimensions  while  under  pressure  in  the  mold 
and  dimensions  alter  expansion,  is  approximately 
2  i  percent  in  width  and  length  and  about  IS  percent 
in  height. 

A  lew  experiments  were  conducted  to  determine  the 
feasibility    oi    compressing    egg    powder   directly    in 

No     !  Cans.      Bulging  ol   the  cans  during  compression 
was    prevented    1>\     placing    them    in    a    close-fitl 

restrain  ui",  mold  made  of  wood.    A  slecx  e  that  forn 
a   part   ol    the   restraining   mold   was  stationed 

the  top  ot   the  can  .\\\(\  held  a  charge  sufl  till 

the  can  with  compressed   material.     Bui  the 


indented  bottom  of  the  can  was  largely  prevented  by  a 
loose-fitting  metal  plate  of  appropriate  shape. 

Powder  containing  5  percent  moisture  attained  a 
final  density  of  46  pounds  per  cubic  foot  when  com- 
pressed in  the  cans  at  a  pressure  of  400  pounds  per 
square  inch  with  nip,  dwell,  and  clear  periods  of  10, 
30,  and  10  seconds,  respectively.  With  conditions 
otherwise  identical  a  pressure  of  1,000  pounds  per 
square  inch  resulted  in  a  final  density  of  54  pounds 
per  cubic  foot.  Initial  densities  were  somewhat  higher 
but  decreased  because  of  the  vertical  expansion  of  the 
material  after  pressure  was  released.  Total  vertical 
expansion  after  release  of  pressure  was  approximately 
7  percent.  Application  of  a  pressure  of  1,000  pounds 
per  square  inch  resulted  in  slight  bulging  of  the 
indented  base  of  the  can  immediately  after  pressure 
was  released.  This  response  was  due  to  the  frictional 
force  developed  between  the  compressed  powder  and 
the  can  walls.  It  would  appear  that  such  bulging 
could  be  avoided  by  employing  a  restraining  mold  that 
will  hold  the  base  plate  firmly  against  the  can  for  a 
second  or  two  after  pressure  is  removed  from  the  ram. 

The  equipment  available  did  not  permit  a  study  of 
compression  in  cans  at  rapid  rates,  but  results  of  block 
compression  experiments  indicate  that  compression 
with  short  nip  and  dwell  periods  may  be  feasible. 
Possibly  a  vacuum  ram,  similar  to  the  male  die 
employed  in  the  vacuum  mold,  would  be  useful  in 
preventing  excessive  air  entrapment  during  rapid 
compression. 

Debulking  by  Jolting,  Vibrating,  and  Tamping 

Methods  of  increasing  density  by  jolting,  vibrating, 
and  tamping  powders  at  the  5-percent  moisture  level 
were  briefly  studied. 

The  jolting  procedure  consisted  in  dropping  a  can 
of  loose  powder  100  times  onto  a  steel  plate.  The 
diameter  of  the  can  was  3}{  inches,  the  height  of  fill 
was  approximately  6  inches,  and  the  distance  of  fall 
was  2  inches.  Contraction  of  volume  practically 
ceased  when  the  container  had  been  dropped  75 
times.  Powders  ranging  in  moisture  content  from 
4.2  to  5.0  percent  attained  final  densities  of  approxi- 
mately 35  pounds  per  cubic  foot  as  a  result  of  this 
procedure. 

Vibration  of  cans  packed  as  described  proved  to  be 
less  effective  than  jolting.  The  filled  cans  were 
placed  on  a  platform  which  was  vibrated  60  times 
per  second  with  an  amplitude  of  approximately  one- 
sixteenth  inch.  The  powders  were  vibrated  until  no 
further  reduction  in  volume  occurred,  which  required 
about  4  minutes.  Contraction  of  volume  ceased 
when  a  bulk  density  of  approximately  29  pounds  per 


cubic  foot  was  reached.  It  may  be  that  slower  rates 
of  vibration  and  other  amplitudes  would  be  more 
effective  than  those  applied  in  the  tests,  but  the 
equipment  to  test  this  possibility  was  not  available. 
Debulking  by  hand  tamping  in  a  No.  10  can 
resulted  in  a  final  bulk  density  of  37  pounds  per  cubic 
foot.  The  material  was  added  in  successive  3-inch 
layers  and  tamped  with  a  2-pound  cylinder  3  inches 
in  diameter  until  volume  was  fairly  constant.  Since 
this  procedure  requires  several  minutes,  it  is  con- 
sidered to  be  impractical. 

Compression   of  Whole  Egg   Powder   Containing 
2  Percent  Moisture 

Work  on  the  development  of  compression  proce- 
dures for  egg  powder  containing  2  percent  moisture 
was  mainly  restricted  to  material  obtained  by 
vacuum  drying  high-quality  commercial  material 
containing  5  percent  moisture.  Material  obtained  in 
this  manner  conformed  to  Quartermaster  Corps 
specifications.  Drying  the  powder  in  a  vacuum  to 
a  moisture  content  of  2  percent  was  necessary  be- 
cause it  was  found  that  commercial  plants  could  not  I 
at  first  produce  a  spray-dried  product  that  would 
meet  the  specification  requirements  for  flavor  and 
low  moisture  content.  Later,  when  the  compression 
studies  had  been  discontinued,  it  was  reported  that  a  i 
number  of  commercial  plants  had  successfully  solved  I 
the  problems  involved  and  had  produced  large 
quantities  of  specification  material. 

The  physical  properties  of  loose  egg  powder  con- 
taining 2  percent  moisture  are  similar  to  those  of 
powder  at  the  5-percent  moisture  level  in  that  the 
bulk  density  of  the  material  is  about  26  pounds  per 
cubic  foot,  the  powder  is  somewhat  greasy,  and  the 
particles  cling  together  in  such  a  manner  that  the 
material  will  not  flow  freely.  However,  compression 
characteristics  differed  considerably.  The  proce- 
dures required  to  produce  a  satisfactory  product  of 
high  density  are  more  complex  for  the  2-percent 
powder  than  for  the  5-percent. 

Compression  of  Blocks 

It  was  not  found  possible  to  compress  2-percent 
powder  into  satisfactory  blocks  at  room  temperature. 
Compression  was  attempted  with  very  long  nip,  dwell, 
and  clear  periods  and  with  various  pressures  in  the 
range  of  800  to  5,000  pounds  per  square  inch,  but  in  all 
instances  the  cohesiveness  of  block  was  insufficient  to 
permit  handling.  Exudation  of  oil  from  the  powder 
was  considerable  at  about  3,000  pounds  per  square  inch 
and  was  definitely  excessive  at  still  higher  pressures. 

Blocks  of  suitable  cohesive  quality  were  obtained 
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only  when  the  material  was  heated,  but  even  under 
i  the  most  favorable  conditions  the  strength  of  block 
was  considerably  less  than  that  of  blocks  of  powder 
containing  5-percent  moisture  and  was  insufficient  to 
permit  rough  handling.     With  the  2-percent-moisture 
j  material  heated  to  temperatures  of  125°  and  150°  F. 
■  and  compressed  in  a  nonfloating  mold  with  nip,  dwell, 
and  clear  periods  of  10,  30,  and  10  seconds,  respec- 
tively, (he  pressure  required  to  form  acceptable  blocks 
i  was  found  to   be  between  800  and  1,200  pounds  per 
|  square  inch.    Final  density  of  block  was  approximately 
50  pounds  per  cubic  foot,  and  the  tendency  to  expand 
was   about   the    same   as   for    blocks   with    5-percent 
moisture.    Block  cohesiveness  was  considerably  better 
at  the  higher  temperature  than  at  the  lower. 

The  vacuum  mold  enabled  acceptable  blocks  to  be 
formed  at  somewhat  lower  temperatures.  For  exam- 
ple, with  nip,  dwell,  and  clear  periods  as  noted,  fair 
blocks  were  obtained  with  material  heated  to  100°  F. 
and  at  pressures  in  the  range  of  1,500  to  2,000  pounds 
per  square  inch.  The  pressures  required  were  about 
500  pounds  per  square  inch  lower  and  block  cohe- 
siveness was  improved  when  the  vacuum  mold  was 
employed  with  material  heated  to  125°  and  150°  F. 
This  mold  was  also  found  to  give  satisfactory  results 
in  compressing  4-ounce  blocks  at  rapid  rates.  That 
is,  it  was  found  possible  to  compress  with  nip,  dwell, 
and  clear  periods  of  2  seconds,  1  second,  and  1  sec- 
ond, respectively,  when  the  material  was  heated  to 
150°  F.  Molds  that  were  not  provided  with  means 
for  evacuation  of  air  did  not  give  satisfactory  results 
at  rapid  rates  of  compression. 

The  blocks  formed  from  2-percent  material  ranged 
in  weight  from  4  ounces  to  1  pound.  The  time  re- 
quired to  cool  1 -pound,  cellophane-wrapped  blocks 
measuring  approximately  3  by  5  by  2%  inches  from 
150°  to  85°  F.  by  natural  convection  at  an  ambient 
temperature  of  77°  F.  was  180  minutes.  Blocks 
weighing  4  ounces  (dimensions,  2  by  3  by  1.4  inches) 
cooled  to  the  same  temperature  in  70  minutes  under 
similar  conditions.  Since  it  is  well  known  thai  the 
quality  of  egg  powder  is  adversely  affected  b\  pro- 
longed exposure  to  elevated  temperatures,  it  would 
seem  advisable  to  employ  cooled  contact  plates  or 
rapidly  moving  cool  air  to  accelerate  cooling  of  blocks. 
Even  with  these  expedients,  however,  it  ina\  be  thai 
the  rate  of  cooling  would  be  too  slow  to  justify  the 
formation  of  very  large  blocks.  It  was  found  that 
organoleptic  quality  is  not  adversely  affected  when 
the  time  required  to  cool  to  room  temperature  is  70 
minutes.  Possibly  a  longer  cooling  time  can  l>e  tol- 
erated, but  tests  were  not  undertaken  to  determine 
what  the  maximum  time  might  be. 


Some  attempts  were  made  to  improve  block  co- 
hesiveness by  blending  the  powder  with  materials  such 
as  wheat-germ  flour  and  oat  flour.  These  materials 
were  added  in  5-percent  amounts  to  the  egg  powder. 
They  were  found  to  improve  block  strength  consid- 
erably and  to  have  no  immediate  effect  on  organo- 
leptic quality.  However,  retention  of  flavor  during 
storage  was  considerably  poorer  for  the  compressed 
blends  than  for  compressed  unadulterated  powder  of 
the  same  moisture  content,  and  consequently  it  was 
concluded  that  the  use  of  these  materials  as  binders 
is  inadvisable. 

Drying  Compressed  Blocks 

As  previously  mentioned,  it  was  not  found  possible 
to  form  blocks  of  2-percent  powder  at  rapid  compres- 
sion rates  except  in  a  vacuum  mold.  Molds  of  this 
type  obviously  incur  considerably  more  expense  than 
those  of  conventional  designs.  Moreover,  there  is 
some  question  as  to  just  how  a  vacuum  mold  suited 
to  commercial  operation  should  be  designed.  Con- 
sequently, one  other  possible  means  of  securing  satis- 
factory blocks  was  investigated.  This  consisted  in 
compressing  blocks  of  5-percent-moisture  material, 
which  is  relatively  easy  to  compress,  and  then  drying 
the  blocks  to  the  specification  moisture  level.  The 
experiments  showed  that  satisfactory  results  can  be 
obtained  with  this  procedure.  However,  the  method 
is  not  to  be  taken  as  an  ideal  solution  to  the  problem, 
since  the  cost  of  drying  would  be  appreciable. 

In  the  tests  the  5-percent-moisture  material  was 
compressed  into  1 -pound  blocks  and  then  wrapped  in 
thin  kraft  paper  and  sealed  with  gummed  tape.  1  he 
wrapped  blocks  measured  approximately  3  by  5  1>\ 
2){  inches  and  had  a  density  of  50  pounds  per  cubic 
foot.  Drying  was  carried  out  in  a  vacuum  shelf  drier 
at  an  absolute  pressure  of  -I  millimeters  ot  mercury 
and  with  shelves  maintained  ai  158°  F.     The  wrapped 

blocks  were  placed  in  the  drier  with  one  3-  by  5-inch 
face  in  contact  with  (he  heated  shelf.  Under  these 
conditions  the  material  dried  to  the  specification 
moisture  content  (2  percent )  in  4  hours.  Organo- 
leptic evaluation  alter  drying  showed  that  the  mate- 
rial conformed  in  all  respects  to  the  current  Quarter- 
master Corps  specification  requirements  and  thai  the 
quality  of  the  powder  was  not  adversely  affected 
during  drying. 

The  wrapped  dried  blocks  had  densities  of  approxi- 
mately 48  pounds  per  cubic  fool  and  were  equal  in 
appearance  and  handling  quality  to  the  original  un- 

dried   Mocks.     When  unwrapped   the\    were  found   to 

contain  several  irregular  cracks  winch  undoubti 
were  produced  by  stresses  set  up  during  drying.     I  he 
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blocks  broke  readily  into  lumps  which  were  suffici- 
ently friable  to  be  crumbled  to  a  powder  with  the 
fingers. 

Compression  in  Cans 

Tests  involving  compression  of  2-percent-moisture 
powder  directly  in  cans  were  conducted  exactly  as 
described  for  material  at  the  5-percent-moisture  level. 

For  compression  at  room  temperature  with  nip, 
dwell,  and  clear  periods  of  10,  30,  and  10  seconds, 
respectively,  and  a  pressure  of  1,000  pounds  per 
square  inch,  the  final  density  of  the  material  within 
the  cans  was  46  pounds  per  cubic  foot.  With  con- 
ditions otherwise  identical,  a  pressure  of  600  pounds 
per  square  inch  resulted  in  a  final  density  of  40  pounds 
per  cubic  foot. 

All  things  considered,  it  seems  that  direct  compres- 
sion in  the  final  container  is  the  most  practical  method 
of  increasing  the  density  of  powder  at  the  2-percent- 
moisture  level.  This  method  makes  it  unnecessaiy 
to  heat  the  material,  since  the  product  need  not  be 
very  cohesive,  and  also  eliminates  a  number  of  other 
steps  that  are  required  in  the  formation  of  blocks. 
Compression  of  the  material  in  rigid  paper  containers 
would  appear  to  be  a  possibility.  This  would,  of 
course,  require  the  development  of  special  restraining 
molds  and  possibly  the  use  of  a  sleeve  insert  to  protect 
the  package  during  compression. 

Debulking  by  Jolting  and  Vibrating 

Methods  of  increasing  density  by  jolting  and 
vibrating  2-percent-moisture  powder  were  briefly 
tested  by  procedures  identical  with  those  discussed  in 
connection  with  tests  on  powder  containing  5  percent 
of  moisture. 

The  jolting  procedure  resulted  in  densities  ranging 
from  29  to  36  pounds  per  cubic  foot,  depending  on  the 
particular  powder  treated.  Results  obtained  in 
repeated  trials  with  a  given  powder  were  consistent, 
and  the  final  density  was  not  materially  affected  by 
moderate  change  in  moisture  content  or  by  consider- 
able change  in  temperature.  The  variation  in  density 
for  different  lots  appeared  to  be  due  to  differences  in 
the  size  and  shape  of  the  powder  particles. 

The  previously  described  vibrational  method  of 
packing  proved  to  be  ineffectual.  The  density 
attained  was  only  24  pounds  per  cubic  foot.  Since 
higher  densities  were  obtained  by  jolting  the  can  very 
slightly  while  filling,  it  was  evident  that  vibration  was 
causing  the  material  to  occlude  air  and  that  the  rate  of 
vibration  obtained  with  the  equipment  at  hand  was 
not  suitable. 


RESULTS    OF    COMPRESSION    TESTS    ON    CEREAL 
AND  SOYA  FLOURS 

Cereal  and  soya  flours  subjected  to  compression 
tests  included  white  flour,  whole-wheat  flour,  and 
full-fat  and  expeller  types  of  soya  flour.  These  com- 
pression tests  were  concerned  with  the  formation  of 
small  sample  blocks  for  use  in  preliminary  storage 
studies  and  not  with  the  idea  of  the  development  of 
commercially  practicable  compression  procedures. 
Thus  the  results  of  tests  here  summarized  give  only  a 
preliminary  view  of  what  can  be  expected  from  these 
products,  and  considerable  further  work  will  be  re- 
quired to  determine  the  optimum  conditions  for 
compression. 

A  white  flour  termed  "bakers'  long  patent  flour'' 
was  used  in  the  tests.  Commercially  milled  from  hard 
wheat,  this  flour  was  found  to  be  of  good  bread- 
baking  quality.  It  contained  15.5  percent  protein, 
0.57  percent  ash  (both  on  a  moisture-free  basis),  and 
13.1  percent  moisture.  Part  of  the  sample  was  raised 
in  moisture  to  14.3  percent  by  storage  in  a  high- 
humidity  chamber.  The  whole-wheat  flour  was  milled 
from  hard  red  spring  wheat  in  an  experimental  milling 
unit  and  contained  16.5  percent  protein,  1.97  percent 
ash  (both  on  a  moisture-free  basis),  and  13.6  percent 
moisture.  The  freshly  milled  flour  produced  a 
satisfactory  loaf  of  bread.  The  soya  flours  used  in  the 
tests  were  of  commercial  manufacture.  The  full-fat 
soya  flour  contained  43.5  percent  protein,  24.8  percent 
fat,  2.1  percent  crude  fiber  (all  on  a  moisture-free 
basis),  and  6  percent  moisture.  The  expeller-type 
flour  contained  53.7  percent  protein,  7  percent  fat, 
2.6  percent  crude  fiber  (all  on  a  moisture-free  basis), 
and  4.8  percent  moisture. 

The  white,  whole-wheat,  and  soya  flours  were  com- 
pressed into  small  disks  weighing  2  to  5  ounces  by  a 
small  hand-operated  Carver  hydraulic  press.  Two 
pressures,  1,800  and  3,200  pounds  per  square  inch, 
were  used.  The  compressions  were  made  at  room 
temperature  with  a  dwell  of  approximately  1  minute. 
Approximate  densities  before  and  after  compression 
are  given  in  table  17. 

The  blocks  of  white  flour  were  fairly  cohesive. 
Those  containing  14.3  percent  moisture  were  some- 
what more  cohesive  than  those  at  the  lower  moisture 
level.  The  blocks  withstood  handling  without  crum- 
bling but  could  be  crushed  fairly  easily  in  the  hands. 
The  compressed  flour  blocks  entered  readily  without 
grinding  or  sieving  into  a  uniform  dough  mix  when 
subjected  to  the  usual  bakery  procedures  for  bread 
making.  The  results  of  bread- baking  tests,  meas- 
ured by  loaf  volume,  grain  texture,  and  crumb  color, 
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Table   17. — Densities  of  different  kinds  of  Hours  compressed 
at  two  pressures  and  uncompressed 

Material 

Densities      obtained      at 
pressures     (in    pounds 
per  square  inch)  of — 

0 

1,800 

3,200 

White  flour,  13.1  percent  moisture.  . 

'White  (lour,  14.3  percent  moisture.  . 
Whole-wheat  flour 

Pounds 
pet 

cubic 
Joot 
29 

27 
29 
23 

27 

Pounds 
per 

i  uhii 

foot 

47 
45 
47 
54 
56 

Pounds 
per 

cubic 
Joot 

55 
52 
51 

Soya  flour  (full  fat) .  .     

59 

Soya  flour  (expeller) 

59 

presented  no  evidence  to  indicate  that  compression 
as  applied  in  these  experiments  injured  or  otherwise 
affected  the  quality  of  the  flour  for  bread  making. 
Further  reference  to  these  tests  will  be  made  later  in 
discussing  the  results  of  storage  experiments  on  the 
compressed  and  uncompressed  samples. 

The  blocks  of  whole-wheat  flour  were  considera- 
bly less  cohesive  than  those  prepared  from  white 
flour,  and  it  was  necessary  to  handle  them  with  care 
to  avoid  crumbling.  The  results  of  bread-baking 
tests,  which  are  discussed  later,  showed  no  difference 
in  the  baking  quality  of  the  compressed  and  uncom- 
pressed flours. 

Compressed  expeller  soya  flour  was  slightly  more 
cohesive  than  compressed  whole-wheat  flour  and 
handled  satisfactorily.  The  blocks  of  full-fat  soya 
flour,  however,  were  excessively  cohesive.  Mechanical 
means  for  breaking  them  up  and  probably  sieving 
would  be  required  in  order  to  obtain  satisfactory 
reconstitution.  The  results  of  storage  tests  on  sam- 
ples of  the  uncompressed  and  compressed  soya  flours 
will  lie  summarized  later-. 

SUMMARY    OF    COMPRESSION    CONDITIONS    FOR 

SPECIFIC  FOODS  AND  VOLUME  REDUCTIONS 

EFFECTED  BY  COMPRESSION 

Summarized  data  are  given  in  table  18,  which  lists 
the  general  range  of  conditions  found  applicable  for 
eaeli  commodity,  die  densities  before  and  after  com- 
pression, and  the  volume  reductions  resulting  from 
compression.  The  sets  of  conditions  found  most 
suited  to  production  work  with  the  equipment  at 
hand  are  also  given,  together  with  the  approximate 
block  density   believed  optimum   for  each   product. 

Data  relating  to  cereal  and  soya  Hours  are  not  in- 
eluded  in  this  table  because  considerable  further  work 
will  be  required  to  determine  fully  the  compression 
characteristics  of  these  Hours. 


STORAGE      BEHAVIOR     OF     COMPRESSED     FOOD 
PRODUCTS 

As  already  pointed  out,  it  was  not  possible  to 
accumulate  comprehensive  data  on  the  relation 
between  compression  and  storage  life,  and  much 
further  work  remains  to  be  done  on  this  subject. 
The  results  of  such  tests  as  it  was  possible  to  conduct 
in  the  time  available  are  reviewed  below. 

Carrots 

Packs  of  uncompressed  and  compressed  dehydrated 
diced  carrots  were  prepared  from  material  of  good 
quality  containing  5  percent  moisture  and  stored  in 
sealed  cans  at  90°  F.  for  32  weeks.  The  blocks  were 
compressed  at  900  pounds  per  square  inch,  160°  F., 
with  a  30-second  dwell:  density  of  block  was  63 
pounds  per  cubic  foot.  The  packs  were  220  grams 
for  the  uncompressed  and  410  grams  for  the  com- 
pressed in  a  No.  2  can,  which  corresponds  to  1 7 
pounds  of  uncompressed  and  32  pounds  of  compressed 
product  in  a  5-gallon  can.  Three  sets  of  sample*, 
each  consisting  of  compressed  and  uncompressed 
packs,  were  prepared.  One  sel  was  packed  by  seal- 
ing in  air,  another  was  sealed  at  an  absolute  pi '-sure 
of  2  inches  of  mercury,  and  another  was  gas-packed 
by  evacuating  and  gassimj  with  carbon  dioxide  in 
such  a  way  as  to  obtain  a  package  atmosphere  con- 
taining approximately  1  percent  of  oxygen.  Organo- 
leptic quality  and  carotene  determinations  were  con- 
ducted immediately  and  after  l(>  and  32  weeks  of 
storage. 

The  results  of  the  determinations  indicated  that 
compression  had  no  significant  effect  on  initial 
quality  and  that  the  storage  behavior  of  all  gas-  and 
vacuum-packed  samples  was  practical!)  identical 
regardless  of  whether  the  material  was  loose  or  com- 
pressed. For  these  samples  organoleptic  quality 
decreased  from  an  initial  rating  of  "good"  to  a  rating 
of  •"lair"  alter  16  weeks  ol  Storage  al  90  I  .  and  to 
"fair  to  poor"  after  32  weeks.  Retention  of  carotene 
in  the  air-packed  samples  was  considerably  greater 
for  the  compressed  carrots  than  for  (he  uncompress 
However,  carotene  retention  for  the  air-packed 
products  was  not  nearl)   as  satisfactory   as  for  tl 

that    were    gas-    or    vacuum-packed.      Because    ol    this 

behavior  organoleptic   tests  were  not  conducted  on 
the  air-packed  sampli  * 

Egg   Powdi  r 

Investigations   o(  the   storage   life   of  iwder 

showed    that    the   rate  o(  loss  o\   qualit\    ol 

moisture  powder  during  storage  uui.ilK   the 
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same  whether  the  material  is  loose  or  compressed 
into  blocks  with  a  density  of  approximately  50 
pounds  per  cubic  foot.  In  this  work  the  uncom- 
pressed powders  were  air-packed  in  hermetically 
sealed  containers.  The  compressed  blocks  were 
tightly  wrapped  in  waxed  paper  and  then  dipped  in 
melted  paraliin  wax  until  a  thick  continuous  coating 
of  wax  was  formed.  The  compressed  and  uncom- 
pressed powders  were  stored  at  98°  F.  for  periods  of 
2,  4,  8,  and  16  weeks.  Organoleptic  tests  were 
employed  in  determining  changes  in  quality  during 
storage. 

Recently  revised  Army  specifications  call  for  egg 
powder  containing  2  percent  moisture,  but  it  was  not 
possible  in  the  time  available  to  determine  the  effect 
of  compression  on  storage  behavior  at  this  lower 
moisture  level. 

Rolled  Oats 

Twenty-ounce  compressed  samples  of  rolled  oats, 
commercially  packed  in  cans,  and  comparable  un- 
compressed samples  were  stored  for  different  periods 
up  to  36  weeks,  at  temperatures  of  32°,  70°,  90°, 
110°,  and  130°  F.  The  rolled  oats  used  were  known 
as  white  quick-cooking  oats  and  contained  approxi- 
mately 7  percent  moisture. 

When  grains  or  other  seeds  or  their  milled  products 
containing  appreciable  quantities  of  fat  undergo  de- 
terioration during  storage  the  most  significant  readily 
measurable  chemical  change  in  the  product  is  usually 
an  increase  in  its  content  of  free  fatty  acids  resulting 
from  hydrolysis  of  the  fat.  In  these  studies,  therefore, 
"fat  acidity,"  defined  as  the  number  of  milligrams  of 
potassium  hydroxide  required  to  neutralize  the  free 
fatty  acids  in  100  grams  of  product  (calculated  to  a 
moisture-free  basis),  is  used  as  one  of  the  criteria  of 
deterioration.  Tests  for  fat  acidity  and  changes  in 
organoleptic  quality  were  mack-  at  intervals  of  4,  8, 
12,  24,  and  36  weeks.  The  I. it  acidit)  values  are 
shown  in  table  19. 

There  was  a  slow,  progressive  increase  in  fat- 
acidity  values  as  the  storage  period  was  lengthened, 
and  the  change  was  slighd)  more  rapid  in  the  uncom- 
pressed samples.  Highest  figures  were  obtained  in  the 
Compressed  samples  stored  at  130°  I'.  for  24  to  36 
weeks.  • 

No  off  color  or  lla\  or  could  be  detected  in  an)  of  the 
temples,  even  those  stored  at  the  highesl  temperature. 
The    high    antioxidant    properties    of   certain    con 
atituents  of  the  oat  grain  ma)  account  in  part  for  the 
high  keeping  quality  of  this  product. 

From  these  findings  it  appears  that  rolled  oats  are 
well  adapted  to  compression  and  maj   be  stored  for 


Table     19. — Results    of    fat-acidity    determinations    on 
samples  of  compressed  and  uncompressed  ro  stored 

at   various  temperatures  and  sampled  at   intervals  up  to 
36  weeks 


Storage  period 

(weeks) 


0. 
4. 

8. 

12 
24 
36 


Fat-aciditv  values  ! 

Storage 

tempei  - 

ature 

Com- 

Uncom- 

pressed 

pressed 

°  F. 

32 

52 

61 

32 

57 

58 

70 

53 

57 

90 

52 

56 

110 

50 

62 

130 

61 

67 

32 

59 

64 

70 

64 

65 

90 

64 

74 

110 

63 

130 

76 

106 

32 

55 

68 

70 

60 

-4 

90 

62 

78 

110 

69 

76 

130 

85 

103 

32 

55 

51 

70 

58 

72 

90 

64 

73 

110 

75 

96 

130 

133 

96 

32 

56 

60 

70 

66 

90 

76 

- 

1  10 

112 

' 

130 

112 

1  Expressed  in  milligrams  of  potassium  hydroxide  required  to 
neutralize  the  free  fatty  acids  in  100  grams  of  sample  moisture- 
free  h.isis  i. 


appreciable  lengths  of  time  at  ordinary  temperatures 
without  material  change  in  quality. 

Sen  \   Floi  RS 

Samples  <->(  expeller  and  full-fat  soya  flours  com- 
pressed into  small  blocks  .u  pressures  of  1,800  and 
3,200  pounds  per  square  inch,  together  with  uncom- 
pressed samples  o(  the  same  flours,  were  stored  in 

tight  containers  at  r0  .w^\  90  F.  for  60  weeks  and  at 
110°    1.    for    37    weeks.        The    stored    samples    were 

examined  at  intervals  and  analyses  were  made  to 
determine  the  effect  ol  compression  on  their  storage 
behavior  under  the  conditions  named.  Fat-acidit\ 
changes  were  used  as  i he  criteria.'     The  findings 

given  in  table  20. 

1  .ii  .u  uim  is  ,i  measure  of  hydrolytic  deterioration  ■ 
or  i.i tt\  oil  which  results  in  the  liberation  oi  free  fatt\  a< 
glycerin.    Since  in  the  oil  of  the  soybean  the  fattj 
the  higher  molcculai  weight  tj  -    an 
and  tasteless,  the  development  of  high  fat-acidit)  \.* 
not  necessarily  result  in  n  i 


Table  20. — Results  of  storage  tests  on  compressed  and 
uncompressed  soya  flours  held  at  70°,  90°,  and  110°  F.for 
various  periods,  in  terms  of  fat-acidity  values 


Fat-acidity  values  1 

Stor- 

of samples  compressed 

Stor- 

age 

at  pressures  (in  pounds 

Flour  type 

age 

tem- 

per square  inch)  of — 

period 

pera- 

ture 

0 

1,800 

3,200 

Weeks 

°  F. 

f     70 
\     90 
/     70 
\     90 

30 

0 

30 

27 

26 

23 

9 

27 

27 

22 

16 

f     70 
\     90 

32 

26 

28 

Full-fat,      4.3      percent 

29 

28 

30 

/     70 
\     90 

31 

29 

31 

23 

31 

33 

35 

48 

f     70 
\     90 

35 

35 

35 

33 

33 

34 

.      60 

;    70 

1     90 

46 

41 

43 

35 

37 

36 

f      o 

110 

29 

Full-fat,       5.4      percent 

3 

110 

44 

52 

48 

1      25 
I      37 

110 
110 

119 
126 

110 
116 

102 

132 

/    70 

\     90 
/     70 
\     90 

18 

0 
9 

18 
19 

16 

17 

22 

23 

29 

16 

f     70 
\     90 

25 

30 

32 

Expeller,     4.8      percent 

20 

24 

25 

23 

/     70 
\     90 

26 

25 

28 

26 

34 

28 

48 

f     70 
\     90 

28 

28 

25 

39 

41 

42 

60 

f     70 
\     90 

44 

39 

47 

35 

45 

45 

r      0 
3 

110 
110 

16 
23 

Expeller,       6       percent 

24 

24 

25 
I      37 

110 
110 

37 
46 

34 
42 

46 

57 

1  Expressed  in  milligrams  of  potassium  hydroxide  required 
to   neutralize    the   free    fatty   acids    in    100   grams    of  sample 

(moisture-free  basis).  ■ 


No  significant  differences  were  observed  between 
the  fat-acidity  values  of  the  compressed  and  the  un- 
compressed soya  flours  of  either  type  when  stored  for 
60  weeks  at  70°  and  90°  F.  There  was  a  progressive 
slight  increase  in  fat  acidity  of  the  uncompressed  and 
compressed  samples  of  the  expeller  flour  that  were 
stored  at  110°  F.,  but  the  values  were  still  low  at  the 
end  of  37  weeks'  storage.  The  samples  of  full-fat  soya 
flours  stored  under  the  same  conditions  showed  a 
considerable  increase  in  fat  acidity  during  the  period, 
but  there  were  no  material  differences  in  the  fat- 
acidity  values  for  the  compressed  and  uncompressed 
samples. 

In  view  of  these  results  it  appeared  that  compression 
had  no  material  influence  on  the  storage  behavior  of 
the  soya  flours. 


Cheese-Soya  Soup 

One-pound  samples  of  cheese-soya  soup,  commer- 
cially compressed  into  bricks  and  wrapped  in  heavy 
waxed  paper,  were  stored  in  tight  containers  with  lots 
of  the  unpressed  soup  at  five  temperatures,  32°,  70  °, 
90°,  110°,  and  130°  F.  All  samples  were  stored  in 
sealed  cans  for  24  weeks  except  those  stored  at  130°  F., 
which  were  discarded  after  8  weeks  because  of  ad- 
vanced deterioration.  The  soup  powder  had  9.7  per- 
cent moisture  and  12  percent  fat  and  contained  the 
following  ingredients: 


U-- 


Ft  rcent 

25 
lit 

5 
25 
3n 

5 


Dehydrated  cheese  (mixture  of  Parmesan  and  American 

Cheddar) 

Nonfat  dry  milk  solids 

Dry  whey 

Soya  flour 

Wheat  flour 

Salt  and  seasoning 

The  results  of  the  chemical  and  other  tests  are  given 
in  table  21. 

These  results  show  that  from  the  standpoint  of  fat- 
acidity  development  the  compressed  samples  pos- 
sessed somewhat  better  storage  properties  than 
the  uncompressed.  As  was  to  be  expected,  pro- 
gressively higher  acidity  values  were  obtained  as 
storage  temperature  levels  were  increased,  and  the 
rate  of  increase  was  higher  for  the  uncompressed 
samples.  From  the  standpoint  of  organoleptic  qual- 
ity there  was  little  difference  in  the  storage  behavior 
of  the  compressed  and  uncompressed  soups. 

At  the  storage  temperature  of  32°  F.  very  little 
change  was  noted  in  the  compressed  and  uncom- 
pressed samples  during  the  12  weeks  of  storage. 
There  was  a  small  increase  in  fat  acidity  after  8 
weeks,  but  even  in  the  uncompressed  samples  this 
was  not  marked  and  was  not  reflected  in  any  noticeable 
change  in  organoleptic  quality.  At  70°  F.  also  there 
was  no  marked  alteration  in  appearance  or  flavor 
at  the  end  of  12  weeks  of  storage. 

Neither  the  compressed  nor  the  uncompressed 
samples  stored  at  90°  F.  showed  any  outstanding 
change  during  the  first  4  weeks,  but  a  slight  falling 
off  in  quality  was  noted  after  8  weeks.  At  the  end 
of  12  weeks  a  slight  alteration  in  color  and  an  off 
odor  were  observed,  and  in  consequence  the  flavor 
of  the  samples  graded  slightly  under  "good." 

Compressed  samples  stored  at  110°  F.  remained 
unchanged  in  appearance  and  organoleptic  quality 
for  2  weeks,  but  at  the  end  of  3  weeks  slight  browning 
had  occurred  and  there  was  a  slightly  burned  odor. 
The  soup  was  still  rated  as  "good"  in  flavor.  In  4 
weeks  the  discoloration  had  increased  materiallv  and 
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Table  21. — Changes  in  fat  acidity  and  table  quality  in  compressed  and  uncompressed  cheese  fed  at  different 

temperatures  for  different  periods  oj  lime 


Storage 
period 
(weeks) 

Quality  factors  ' 

Stored 

at — 

32c 

F. 

70° 

F. 

90° 

F. 

110 

>F. 

130< 

1  . 

Com- 
pressed 

Uncom- 
pressed 

Com- 
pressed 

Uncom- 
pressed 

Com- 
pressed 

1   in  om- 
pressed 

Com- 
pressed 

1   m  om- 
pi  i 

1         -     Uncom- 
pressed   p.  i 

65 
LY 

N 
5.0 
4.4 
4.8 

62 
LY 

N 
5.0 
4.9 
5.0 

63 
LY 

N 
4.8 
4.7 
5.0 

62 
LY 

N 
5.0 
5.0 
5.0 

63 
LY 

N 
4.9 
4.8 
4.9 

69 
LY 

N 
5.0 
4.4 
5.0 

68 
LY 

N 
5.0 
5.0 
5.0 

61 
LY 

N 
4.8 
4.  4 
4.4 

68 
LY 

N 
4.8 
4.8 
4.  9 

69 
LY 

N 
4.9 
4.9 
5.0 

67 
LY 

N 
4.8 
4.2 
4.7 

68 
LY 

N 
5.0 
4.0 
4.8 

83 
LY 

N 
5.0 
4.  5 
5.0 

76 
LY 

N 
4.8 
4.5 
4.8 

Color 

Odor 

0 

.General   acceptability. 

/Fat  acidity 

65 
LY 

N 
4.9 
4.9 
4.9 

68 
LY 

N 
4.8 
4.9 
4.9 

70 
LY 

N 
4.6 
4.7 
4.6 

72 
LY 

N 
4.9 
4.9 
4.9 

92 
LY 

N 
4.9 
4.8 
4.9 

91 
LY 

N 
5.0 
5.0 
5.0 

"1 
LY 

N 
4.8 
4.6 
4.8 

77 
LY 

N 
4.6 
4.  3 
4.  5 

80 
LY 

N 
4.7 
4.2 
4.5 

91 
1A 

N 
5.0 
4.0 
4.8 
129 
LY 

N 
4.8 
4.  5 
4.7 
130 
LY 

N 
4.7 
4.7 
4.7 

67 
LY 

N 
4.7 
4.7 
4.8 

75 
LY 

N 
4.8 
4.6 
4.8 

79 
LY 

N 
4.8 
5.0 
4.7 

86 
LY 

N 
4.7 
4.9 
4.6 
Hi'. 
LY 

N 
4.3 
5.0 
4.4 
\1\ 
PY 
Off 
3.8 
I    1 
3.8 

79 
LY 

N 
4.7 
4.  5 
4.7 

90 
LY 

N 
4.  3 
4.0 
4.  3 
100 
LY 

N 
4.4 
4.3 
4.3 
113 
LY 

N 
4.8 
4.8 
4.7 
168 
LY 

N 
4.0 
4.3 
3.8 
176 
PY 
Off 
4.  5 
5.0 
4.2 

71 
LY 

N 
4.8 
4.9 
4.8 

81 
LY 

\ 
4.8 
4.7 
4.8 

90 

SB 
SBu 
4.0 
4.8 
4.0 

97 

Br 
SBu 
3.8 
4.6 
3.5 
125 

Bi 
SBu 
2.5 
4.0 

82 
IA 
\ 
4.  3 
3.7 
4.4 
103 

LY 
N 
4.  3 
4.  2 
4.  1 
121 

SB 
SBu 
3.2 
4.8 
3.0 
139 

Br 
SB., 
3.5 

3.3 

180 

Bi 

.SBu 
2.  2 

4.  3 

93 
SBC 
X 

3.  3 
4.4 
3.0 

90 
I)B 

Bu 
1.3 
4.0 
1.  3 
101 
DB 

Bu 
1.7 
3.5 
1.5 
108 
DB 

Bu 
1.0 

4.  1 
1.  3 
142 
DB 
Bu 

1.  3 

1.3 

> 

91 

Color 

SB< 

1 

Odor 

1  Flavor . 

N 

3.  1 

• 

Consistency 

.General    acceptability  . 
/Tat  acidity 

Color .  .              

4.2 
2.9 
118 
DB 

Odor 

Bu 

2 

]  Flavor 

1.3 

3.  1 

.General    acceptability . 
I  at  acidity 

1.0 
135 

Color 

Odor 

DB 

Bu 

3 

1  Flavor 

Consistency 

^General  acceptability 

/Fat  acidity 

1.4 
3.3 
1.3 
158 

4 

Color 

Odor 

1  Flavor 

Consistency 

.General   acceptability . 
/Fat  acidity 

DB 

Bu 

1." 

- 

1.0 

Color 

DB 

Odor.  .  . 

Bu 

3 

1  Flavor 

Consistency 

U  reneral   acceptability . 

Fat  acidity 

Color 

1.0 

\.l 

J(  )doi 

12 

1  Flavor 

1.6 

1    s 

kO 

Consistency 

(.General   acceptability, 

I 

1  1  at  .ii  uln\  is  expi  essed  in  milligrams  of  potassium  hydroxide  required  to  neutralize  the  free  tain  ,u  ..1-  in  loo  grams  ol  sample 
(moisture-fi  ee  basis). 

Color  changes  arc  indicated  by  the  symbols  Id ,  brown;  DB,  d.nk  brown;  LY,  light  yellow  ;  PY,  pale  yellov  .  SB,  slightly  brown; 
SBC,  slightly  brown  cream. 

Odor  changes  are  indicated  by  the  symbols  Bu,  burned;  N.  normal;  and  SBu,  slight!)  burned. 

Flavor,  consistency,  and  general  acceptability  values  represenl  the  average  ratings  given  bj  a  tasting  panel  of  5  judg  - 
\ct\  good;  -i.o,  good;  J.0,  fail ;  2.0,  poor;  and  l.o,  verj  poor. 
-'  1  >is<  ,u  (led  because  of  advani  ed  deterioration. 


a  distinct  falling  oil  in  organoleptic  quality  was 
noted.  Further  storage  resulted  in  marked  deteriora- 
tion, and  in  12  weeks  the  flavor  was  "poor."  The 
changes  in  fa1  acidit)  were  somewhat  more  rapid  in 
die  uncompressed  samples. 

The  storage  temperature  of  130°  F.  proved  en- 
tirely unsatisfactory ,  a  distinct  falling  off  in  appearance 
and    flavor    being   observed    within    a    week.    In    2 


weeks  both  compressed   and   uncompressed  samples 
graded  "poor"  i<>  "verj  poor."' 

Pl     \.S,  .n,    \      S,  ,(    p 

Five-pound  samples  of  pea-soya  soup,  commercially 
compressed  into  bricks,  packaged  in  cardboard,  and 
wrapped    in    heaw     waxed    paper,    were    s  in 

tight  containers  with  lots  of  the  impress  at 


Table  22. — Changes  in  fat  acidity  and  table  quality  in  compressed  and  uncompressed  pea-soya  soup  stored  at  different 

temperatures  for  different  periods  of  time 


Storage 
period 
(weeks) 


12. 


24. 


Quality  factors  1 


Fat  acidity 

Color 

Odor 

Flavor 

Consistency 

^General    acceptability . 

Fat  acidity 

Color 

Odor 

Flavor 

Consistency 

^General  acceptability. 

(Fat  acidity 

Color 

Odor 

Flavor 

Consistency 

general  acceptability . 

Fat  acidity 

Color 

Odor 

Flavor 

Consistency 

^General    acceptability 

Fat  acidity 

Color 

Odor 

Flavor 

Consistency 

^General    acceptability 

Fat  acidity 

Color 

Odor 

Flavor 

Consistency 

General    acceptability 

Fat  acidity 

Color 

Odor 

|  Flavor 

Consistency 

^General    acceptability 

Fat  acidity ! 

Color 

Odor 

Flavor 

Consistency 

General    acceptability 


Stored  at- 


32°  F. 


Com- 
pressed 


Uncom- 
pressed 


21 
LG 

N 
4.0 
4.6 
4.0 

23 
LG 

N 
4.6 
5.0 
4.8 

21 
LG 

N 
4.9 
5.0 
4.8 

21 
LG 

N 
5.0 
5.0 
5.0 

20 
LG 

N 
4.8 
5.0 
5.0 

23 
LG 

N 
4.7 
5.0 
4.8 

27 
LG 

N 
5.0 
4.8 
5.0 

31 
LG 

N 
5.0 
5.0 
5.0 


26 
LG 

N 
4.  1 
4.6 
4.5 

25 
LG 

N 
4.8 
5.0 
4.9 

25 
LG 

N 
4.9 
4.8 
4.7 

25 
LG 

N 
5.0 
5.0 
5.0 

25 
LG 

N 
5.0 
5.0 
5.0 

23 
LG 

N 
4.9 
4.9 
4.9 

33 
LG 

N 
4.9 
4.8 
4.8 

25 
LG 

N 
4.9 
5.0 
4.9 


70°  F. 


90°  F. 


Com- 
pressed 


32 
LG 

N 
4.8 
5.0 
4.6 

36 
LG 

N 
4.4 
5.0 
4.5 

34 
LG 

N 
4.7 
4.7 
4.9 

35 
LG 

N 
5.0 
5.0 
4.7 

48 
LG 

N 
4.  3 
4.4 
4.2 

70 
LG 

N 
4.3 
4.8 
4.3 
101 
YB 

N 
4.  5 
5.0 
4.8 


Uncom- 
pressed 


Com- 
pressed 


Uncom- 
pressed 


24 
LG 

N 
4.4 
5.0 
4.4 

22 
LG 

N 
4.5 
4.9 
4.4 

24 
LG 

N 
4.7 
4.9 
4.9 

23 
LG 

N 
4.5 
5.0 
4.6 

27 
LG 

N 
4.6 
4.9 
4.7 

37 
LG 

N 
4.8 
4.9 
4.7 

49 
YB 

N 
4.8 
5.0 
4.8 


37 
LG 

N 
4.4 
5.0 
4.  1 

46 
LG 

N 
4.8 
5.0 
4.8 

47 
LG 

N 
4.8 
4.9 
4.7 

59 
LG 

N 
4.3 
5.0 
4.3 

64 
LG 

N 
4.3 
4.9 
4.  1 
107 
YB 
SH 
3.9 
4.8 
4.2 
174 
YB 

H 
3.4 
4.8 
3.4 


110°  F. 


Com- 
pressed 


29 
LG 

N 
5.0 
5.0 
4.9 

25 
LG 

N 
5.0 
5.0 
4.9 

27 
LG 

N 
4.9 
4.9 
4.7 

27 
LG 

N 
4.6 
4.9 
4.6 

37 
LG 

N 
4.2 
4.7 
4.1 

52 
YB 
SH 
3.9 
4.8 
4.  1 

70 
YB 

H 
3.8 
4.8 
3.9 


47 
LG 

N 
3.8 
5.0 
3.8 

55 
LG 

N 
4.  1 
4.6 
4.0 

66 
LBG 
SH 
4.0 
4.9 
4.  1 

80 

SB 
SH 
3.9 
4.9 
3.8 
116 

SB 
SH 
3.0 
4.  1 
2.9 
143 

Br 

H 
2.4 
4.0 
2.5 
201 

Br 

Bu 
2.0 
3.3 
2.3 


Uncom- 
pressed 


130°  F. 


Com- 
pressed 


33 

LG 

N 

4.4 

5.0 

4.5 

32 

LG 

N 

3.9 

4.9 

3.8 

33 

BG 

SH 

3.8 

4.9 

3.9 

34 

SB 

SH 

3.9 

4.9 

3.6 

55 

SB 

SH 

3.3 

4.2 

3.  3 

65 

Br 

H 

1.8 

2.7 

2.0 

91 

Br 

Bu 

1.5 

3.  1 

1.9 


46 
RG 

N 
3.  1 
5.0 
2.5 

54 
RG 
SH 
3.0 
4.6 
3.  1 

63 

SB 

H 
2.6 
4.6 
1.8 
2  68 
DB 

H 
2.  5 
4.2 
1.7 
2  60 
DB 

Bu 
1.8 
2.9 
1.4 


y  (3) 


Uncom- 
pressed 


(3) 


34 
RG 

N 
3.3 
4.6 
3.0 

33 
RG 
SHI 
2.3 
4.3 
2.6 

38 
DB 

H 
2.6 
4.6 
2.  1 

38 
DB 

H 
1.9 
2.5 
1.6 

54 
DB 

Bu 
1.8 
2.8 
1.4 


(3) 


(3) 


1  Fat  acidity  is  expressed  in  milligrams  of  potassium  hydroxide  required  to  neutralize  the  free  fatty  acids  in  100  grams  of  sample 
(moisture-free  basis). 

Color  changes  are  indicated  by  the  symbols  BG,  brown  green;  Br,  brown;  DB,  dark  brown;  LBG,  light  brown  green;  LG,  light 
green;  RG,  red  green;  SB,  slightly  brown;  and  YB,  yellow  brown.; 

Odor  changes  are  indicated  by  the  symbols  Bu,  burned;  H,  haylike  odor;  N,  normal;  SH,  slight  haylike  odor. 

Flavor,  consistency,  and  general  acceptability  values  represent  the  average  ratings  given  by  a  tasting  panel  of  5  judges:  5,  very 
good;  4,  good;  3,  fair;  2,  poor;  and  1,  very  poor. 

2  These  samples  lost  moisture  during  storage. 

3  Discarded  because  of  advanced  deterioration. 
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the   five   temperatures  of  32°,   70°,   90°,   110°,   and  the   compressed    and    uncompressed    samples   during 

1130°   F.     All   samples  were  stored   for  24  weeks  ex-  the  entire  24  weeks  of  storage.     A.I    the   storage 

jcept  those  stored  at  130°,  which  were  discarded  after  perature  of  70°  F.  the  color,  odor,  and  flavor  remained 

8    weeks    because    of   advanced    deterioration.     The  equal  to  that  of  the  original   material   for   12  weeks, 

pea-soya    soup    had    8.3    percent    moisture    and    2.5  There  was  a  slight  color  change  after  24  weeks,  hut 

[percent  fat  and  contained  the  following  ingredients:  this  was  not   pronounced   and   the   flavor  was   good. 

Percent  At  ^0°  ^  ■  me  appearance,  odor,  and  flavor  remained 

peas 50. 0  good    for    8    weeks.     Beyond    this    period    fat-acidity 

Soya  flour 25.  0  changes    became  marked,   the  color  and   odor   v 

Nonfat  dry  milk  solids 10.0  noticeably  changed,  and   there  was  some  falling  off 

Dried  brewer's  yeast 2.  62  .       a                r-p,                     .    ,                 .,,  {,          .  ,,   , 

,.                  ,  .            .  in    flavor.      1  he    material  was  sull      good,      however, 

Hydrolized  vegetable  protein 4.  0 

q  ■                                                                              ?5  after  12  weeks  01  storage  at  this  temperature:  but  at 

Pcpp,.,- 255  the  end  of  24  weeks  the  material  graded  only  "fair." 

Salt 7.  75  At  1 10°  F.  changes  in  color  and  odor  were  noted 

Garhc  and  seasonings 125  after  3  weeks  of  storage,  though  the  flavor  was  good. 

The    results    of   the    chemical    and    other    tests  are  After  4  weeks  there  was  some  change  in  color,  odor, 

given  in  table  22.  and    flavor.     Longer    storage    at     this     temperature 

In   the   compressed   pea-soya   soup    the   fat   acidity  yielded  inferior  products.     Storage  at  130°  F.  proved 

values    became    progressively   higher   as    the   storage  entirely   unsatisfactory.     At   the   end   ol    .1    week   the 

temperatures  and  time  periods  were  increased.     Ex-  flavor  was  only  "fair,"  and  longer  storage  resulted  in 

ceptions  were  samples  stored  at  130°  F.  for  4  and  8  increased    rapid    deterioration.     The    samples    were 

weeks,  which  dried  out  owing  to  failure  of  the  card-  discarded  as  unfit  for  human  food  aftei   8  weeks. 

board  and  waxed-paper  wrappers  to  maintain  a  tight  Samples  of  the  commercially  packed  pea-soya  soup. 

seal.     Differences  in    moisture    level  are  believed  to  held  in  storage  at  the  five  different  temperatures,  were 

have  influenced  the  rate  of  chemical  change  in  these  also  tested  for  vitamin  B,   (thiamine)  content.      This 

cases.     Fat-acidity  changes  were  less  marked   in   the  study  was  made  to  determine  the  retention  or  los 

uncompressed     samples     and     did     not     proceed     as  thiamine  in  the  compressed   and   uncompressed   pea- 

rapidly  as  in  the  compressed  material.    The  reason  for  soya  soup  stored  at  the  different  temperatures  for  the 

this   difference    in   storage    behavior    is    not    known.  various  periods  of  time. 

Aside  from  differences  in  fat-acidity  values  the  com-  The  results  of  the  vitamin  tests  are  given  in  table  23. 

pressed    and    uncompressed    samples    behaved    fairly  As   the    table   shows,  there   was    t.iirlv    close    agree- 

uniformly  throughout  the  tests.  ment     between    the    compressed    and    uncompn 

It  is  to  be  noted  that  at  the  storage  temperature  of  samples   ol    pea-soya   soup   with    respeel    to   thiamine 

32°  F.  the  fat-acidity  values  remained  low,  the  color  changes.     At   the  storage  temperatures  of    52 

and  odor  normal,  and   the  flavor  very,    good   in  both  and  90°  F.  then-  was  no  appreciable  loss  in  thiamine 

Table  23.--    Vitamin  />'|  (thiamine)  content  oj  pea-soya  soup  samples  held  at  different  storage  temperaturi  - 

oj  time  ' 


Micrograms  of  vitamin  15,  per  gram  after  material  was  stored  Dm   (weeks) 

Storage 
tempei  a- 

tuie(°F.) 

0 

1 

2 

3 

4 

s 

12 

U2 

C2 

U 

C 

U 

C 

U 

C 

u 

C 

U 

( 

I 

1            l 

( 

32 

70 

6.8 

6.8 

(..  9 
6 

7.0 
6.  6 

5.2 

6.9 

6  s 
6  s 
(..  5 
5.7 

7.1 

I 
7.  1 

1  s 

7.  1 

i 

6    J 

6.0 

n 

6.6 

6    i 

! 
7.  1 
6 

5.6 
)    i 

6 

6.6 

0 

•   - 
■ 

MS 

0  1 

90.  . 

,.  ,.        6    i 
5.  (.       5.  9 

•it        ii 

Hit 

L30 

'  lie (enniu.it ions  made  by  tlie  Division  ol  Fruit  and  \  egetablt  (  rops  and  Diseases,  Bureau  of  Plant  Industry    S  v 

cultural  Engineering,  Charleston,  S.  C,  and  In  the  Grain  Branch,  Production  and  Marketing   Administration,  Beltsv         M 
'-'  I1,  uncompressed  samples;  C,  compressed  samples. 

:1  This  value  appears  to  lie  too  low,  although  3  determinations  showed  good  agreement. 
4  Discarded. 


during  the  first  8  weeks,  but  there  was  a  loss  of  approx- 
imately 1 5  percent  when  the  storage  was  prolonged  to 
12  and  24  weeks.  At  the  storage  temperatures  of 
110°  and  130°  F.  there  was  progressive  loss,  greater 
at  the  higher  temperature,  throughout  the  entire 
storage  period.  In  the  samples  stored  at  110°  F.  this 
loss  amounted  to  over  50  percent  at  the  end  of  24 
weeks,  and  in  those  stored  at  130°  F.  the  average  was 
about  47  percent  at  the  end  of  8  weeks.  In  general, 
these  findings  parallel  fairly  closely  the  results  of  the 
quality  tests,  and  show  that  with  a  loss  in  general 
acceptability  there  was  a  corresponding  loss  in  thi- 
amine values. 

White  Flour 

Samples  of  white  flour  containing  13.1  percent  and 
14.3  percent  of  moisture,  respectively,  were  prepared 
for  storage  tests  by  compressing  at  pressures  of  1,800 
and  3,200  pounds  per  square  inch.  Compression 
procedure,  material,  and  results  were  the  same  as 
those  reported  under  the  discussion  of  compression 
tests  on  this  commodity.  The  compressed  samples 
were  packed  in  air-tight  containers  and  stored  together 
with  similarly  packaged  samples  of  uncompressed 
material,  some  for  60  weeks  at  70°  and  90°  F.,  and 
others  for  37  weeks  at  110°  F.  Analyses  for  fat 
acidity  and  organoleptic  tests  were  made  at  intervals, 
and  bread-baking  tests  were  conducted  to  determine 
what  effect,  if  any,  compression  had  on  the  baking 
quality  of  the  flours.  The  baking  tests  were  made  at 
the  beginning  and  at  the  end  of  the  storage  periods. 

The  results  of  the  fat  acidity  determinations  are 
given  in  table  24,  the  data  on  the  bread-baking 
tests  in  table  25. 

Judged  on  the  basis  of  fat-acidity  values,  the  be- 
havior of  the  compressed  and  uncompressed  white 
flours  at  the  two  moisture  levels  of  13.1  and  14.3  per- 
cent, stored  at  different  temperatures,  did  not  differ 
materially.  There  was  evidence  that  the  compressed 
flours  were  deteriorating  a  little  more  rapidly  than  the 
uncompressed;  the  higher  the  pressure  the  greater  the 
change,  but  it  was  not  pronounced.  Such  differences 
as  existed  were  most  marked  at  the  storage  tempera- 
ture of  110°  F.  There  was  also  some  indication  that 
the  flour  having  13.1  percent  moisture  stored  better 
than  the  flour  containing  14.3  percent  moisture. 

It  is  to  be  noted  that  in  none  of  the  samples,  com- 
pressed or  uncompressed,  were  any  off  odors  detected 
after  storage  at  70°  and  90°  F.  for  60  weeks.  A  slight 
mustiness  was  observable  in  both  uncompressed  flours 
and  flours  compressed  at  1,800  pounds  per  square  inch 
after  storage  for  37  weeks  at  110°  F.,  but  no  mustiness 
was  detectable  in  the  samples  compressed  at  3,200 


Table  24. — Fat-acidity  values  of  compressed  and  uncom- 
pressed white  flours  of  two  different  moisture  contents  held 
in  storage  at  different  temperatures  for  various  periods 

13.1   Percent  Moisture  Content 


Storage  period 
(weeks) 


0.. 
9.. 
16. 
23. 
48. 

60. 

0.  . 
3.  . 
25. 
37. 


Storage 
tempera- 
ture 


70 

90 

70 

90 

70 

90 

70 

90 

70 

90 

70 

90 

110 

110 

110 

110 


Fat-acidity  values  l  of  flour- 


Uncom- 
pressed 


43 
43 
52 
58 
55 
52 
54 
67 
68 
79 
77 
89 
26 
39 
72 
^69 


Com- 
pressed 
at  1,800 
pounds 
per  square 
inch 


53 
63 
56 

53 
58 
74 
70 
83 
86 
99 


43 

82 

2  78 


Com- 
pressed 
at  3,200 
pounds 
per  square 
inch 


55 
66 

57 
65 
60 
73 
73 
89 
87 
101 


45 
113 
113 


14.3  Percent  Moisture  Content 


{ 
{ 

70 
90 
70 

43 
43 
55 

0 

9 

58 

56 

90 

62 

71 

65 

16 

{ 

70 

52 

58 

60 

90 

63 

71 

76 

23 

{ 

70 

57 

66 

72 

90 

71 

79 

88 

48 

{ 

70 

65 

77 

79 

90 

78 

93 

106 

60 

{ 

70 

83 

86 

96 

90 

79 

107 

121 

0 

110 
110 
110 

26 
36 
64 

3 

41 
100 

42 

25 

89 

37.. 

110 

2  66 

2  100 

89 

1  Expressed  in  milligrams  of  potassium  hydroxide  required  to 
neutralize  the  free  fatty  acids  in  1 00  grams  of  sample  (moisture- 
free  basis). 

2  Slightly  musty 

pounds  per  square  inch.  Although  this  response  might 
indicate  that  compression  at  the  higher  pressure 
retarded  the  development  of  mustiness,  it  is  believed 
that  such  conclusions  should  not  be  drawn  until  further 
investigations  have  been  made. 

The  results  of  the  bread-baking  tests  (measured  by 
loaf  volume,  grain  texture,  and  crumb  color)  pre- 
sented no  evidence  to  indicate  that  compression,  as 
applied  in  these  experiments,  injured  or  otherwise 
affected  the  quality  of  the  flour  for  bread  making. 
There  was  evidence  of  deterioration  in  baking  quality 
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Table  25.- — Evaluation  of  bread  baked  from  compressed  and  uncompressed  white  flow  I  oj  two  different  moisture  contents  held 

in  storage  for  different  periods  at  various  temperatures 

13.1   Percent  Moisture  Content 


Treatment  of  flour 


Uncompressed 
Compressed  at 
Compressed  at 
Uncompressed 
Compressed  at 
Compressed  at 
Uncompressed 
Compressed  at 
Compressed  at 
Uncompressed 
Compressed  at 
Compressed  at 


1,800 
3,200 

pounds 
pounds 

per  square 
per  square 

inch 

1,800 
3,200 

pounds 
pounds 

per  square 
per  square 

inch 

1,800 
3,200 

pounds 
pounds 

per  square 
per  square 

inch 

1,800  pounds  per  square  inch  . 
3,200  pounds  per  square  inch. 


Storage 

period 


Storage 

temperature 


Quality  factors  of  bread 


II  ,,7,i 


0 
60 
60 

37 


°F. 


70 


90 


110 


Loaf 
volume 


Grain 

texture 


Crumb 
color 


centirnr  ters 
836 
853 
830 
755 
772 
755 
689 
680 


(2) 


454 
440 
365 


Percent  ' 


(2) 


95 
93 
95 
100 
95 

95 

60 

65 
60 


14.3  Percent  Moisture  Content 


Uncompressed 

Compressed  at  1,800  pounds  per  square  inch  . 

Compressed  at  3,200 

Uncompressed 

Compressed  at  1,800  pounds  per  square  inch. 
Compressed  at  3,200  pounds  per  square  inch  . 

Uncompressed 

Compressed  at  1,800  pounds  per  square  inch  . 
Compressed  at  3,200  pounds  per  square  inch  . 

Uncompressed 

Compressed  at  1,800  pounds  per  square  inch  . 
Compressed  at  3,200  pounds  per  square  inch . 


0 
60 
60 

37 


70 
90 

111) 


(2) 


865 
848 
833 
712 
732 
758 
612 
617 

454 
362 

>]  I 


(2) 


90 
90 
90 
90 
95 
95 
90 
95 

50 

50 


- 


95 
95 
90 
95 
100 
100 
85 
90 

65 


1  Scored  on  basis  of  100  as  perfect. 

2  Not  sufficient  sample  for  test. 

of  the  flour  resulting  from  extended  storage  at  ele- 
vated temperatures,  but  this  was  in  accord  with  gen- 
eral experience  that  long  Storage  at  high  temperatures 
adversely  affects  the  baking  quality  of  flour. 

It  was  found  that  in  making  bread  with  compressed 
flour  no  different  treatment  from  that  used  in  connec- 
tion with  the  uncompressed  flour  was  required.  The 
compressed  blocks  were  pi. iced  in  the  mixer  and  given 
the  same  mixing  treatmenl  as  the  impressed  Hour.  It 
was  not  necessaiN  to  break  or  crush  the  blocks  before 
processing  into  bread. 

These  preliminary  findings  indicate  that  compres- 
sion of  white  Hoi  ii'  under  the  conditions  described  may 
be  entirely  feasible  and  without  adverse  effect  on 
quality. 

Whole-Whe  vr  I'l  our 

In    the   studies   on   whole-wheat    Hours    the   samples 

were  prepared  from  materials  containing  11.5  percent 
and  13.6  perceni  moisture;  5  percent  of  oat  Hour  was 


added   because  ni   its  antioxidant   properties.     As 
control  on   the  value  of  the  oat   flour  in  preserving 
quality,  other  samples  were  prepared  lion;   i  5  6-per- 
cent-moisture  material  without   the  addition  ol 

Hour.  The  blocks  were  made  according  to  the  pro- 
cedure previous!)  described  in  the  discussion  of  com- 
pression tests  on  white  Hour.     Pressures  ol  1,8 

3,200  pounds  per  square  inch  were  used. 

1  he    same    storage    temperatures   and    perioi 

Storage  were  used  as  in  die  tests  on  white1  flours.      All 

samples  were  stored  in  air-tight  containers      Storage 

behavior    w.is     followed     b\     determining    fat-acidit\ 

values  at  various  intervals  ami  b)  conducting  bre 
baking  tests 

Results  oi  die  fat-acidit)   determinations  are  given 
in  table  2d. 

rhese  results  show    (hat  compressed   wholc-v 
flour,   both  with  and  without   added  oat   Hour,   in- 
creased in  fat  acidit)   more  rapidb   than  the  unci 
pressed,  and  that  the  increase  was  greater  the  higher 
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Table  26. — Fat-acidity  values  of  compressed  and  uncompressed  whole-wheat  flours  held  in  storage  at  different  temperatures  for 

various  periods 


Storage 
period 

Storage 
temperature 

Fat-acidity  values  >  of  flour 

Description  of  sample 

Uncom- 
pressed 

Compressed 

at  1,800 
pounds  per 
square  inch 

Compressed 

at  3,200 
pounds  per 
square  inch 

Weeks 

0 

9 

16 

23 
48 

60 

0 

3 

25 

37 

0 

3 

25 

37 

°F. 

j                 70 
\                 90 
/                  70 
1                  90 
/                  70 
X                 90 
/                  70 
X                 90 
/                  70 
1                  90 

/                  70 
1                  90 
110 
110 
110 
110 
110 
110 
110 
110 

34 
34 
167 
227 
196 
232 
218 
250 
278 
251 

2  290 

3  255 

41 

153 

251 

*  250 

22 

118 

178 

«  161 

Whole-wheat   flour   plus   5   percent   oat  flour;   moisture 

264 
347 
270 
334 
334 
353 
354 
352 
2  371 
2  336 

320 
360 
329 
346 
346 

363 
364 
358 
384 

357 

Whole-wheat   flour   plus   5   percent   oat   flour;   moisture 
content  13.6  percent 

227 

225 

*  332 

250 
346 

406 

Whole-wheat  flour,  no  oat  flour  added;  moisture  content 
1 3.6  percent 

155 
232 
317 

178 
300 
343 

1  Expressed  in  milligrams  of  potassium  hydroxide  required  to  neutralize  the  free  fatty  acids  in  100  grams  of  sample  (moisture- 
free  basis). 

2  Slightly  rancid  odor. 

3  Slightly  rancid,  musty  odor. 

4  Slightly  musty. 

Table  27. — Evaluation  of  bread  baked  from  compressed  and  uncompressed  whole-wheat  flour  containing  5-percent  oat  flour, 

unstored  and  stored  at  two  different  temperatures  for  60  weeks 


Treatment  of  flour 


Uncompressed 

Compressed  at  1,800  pounds  per  square  inch 
Compressed  at  3,200  pounds  per  square  inch 

Uncompressed 

Compressed  at  1,800  pounds  per  square  inch 
Compressed  at  3,200  pounds  per  square  inch 

Uncompressed 

Compressed  at  1 ,800  pounds  per  square  inch 
Compressed  at  3,200  pounds  per  square  inch 


Storage 
period 


Weeks 


0 
60 
60 


Storage 
temperature 


°F. 


70 
90 


Quality  factors  of  bread 


Loaf  volume 


Cubic  centi- 
meters 

594 
597 
591 
454 
405 

(2) 
306 
323 

(2) 


Grain 
texture 


Percent  ' 


(2) 


(2) 


70 
65 
65 

55 
50 

20 
20 


Crumb  color 


Percent  ' 


(2) 


(2) 


20 
20 
20 
20 
20 

15 

15 


1  Scored  on  basis  of  100  as  perfect. 

2  Not  sufficient  sample  for  test. 

the  pressure  employed  in  compression.  For  the 
samples  stored  at  110°  F.  the  increase  in  fat  acidity- 
was  somewhat  less  for  the  plain  flour  than  for  the 
samples  that  contained  oat  flour.  It  would  appear 
from  this  observation  that  the  use  of  oat  flour  with 
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whole-wheat  flour  is  valueless  as  an  aid  to  retarding 
the  development  of  fat  aciditv. 

Results  of  the  bread-baking  tests  (as  indicated  by 
loaf  volume,  grain  texture,  and  crumb  color)  showed 
no  differences  in  the  baking  quality  of  the  compressed 


and  uncompressed  flours.  The  results  obtained  with 
the  blend  of  whole-wheat  and  oat  flours  that  con- 
tained 13.6  percent  moisture  are  shown  in  table  27. 

PRELIMINARY  EXPERIMENTS  ON  THE  USE  OF  IN- 

PACKAGE  DESICCANTS  WITH  COMPRESSED 

DEHYDRATED  FOODS 

Investigations  conducted  under  another  project  at 
the  Western  Regional  Research  Laboratory  have 
shown  that  the  storage  lives  of  certain  uncompressed 
dehydrated  foods  can  be  materially  increased  by 
including  a  suitable  desiccant  8  in  containers  in  which 
the  food  is  hermetically  sealed  for  shipment.  Through 
the  use  of  a  reasonable  quantity  of  desiccant  it  was 
found  possible  to  reduce  the  moisture  content  of  the 
uncompressed  products  to  considerably  lower  levels 
than  are  economically  attainable  by  conventional 
dehydration  processes.  In  view  of  the  longer  storage 
life  afforded  by  this  method  it  seemed  advisable  to 
determine  whether  desiccants  can  also  be  used  to 
advantage  in  packing  compressed  dehydrated  foods, 
and  to  this  end  a  series  of  experiments  was  initiated. 
However,  because  of  termination  of  the  project  it  was 
possible  to  complete  only  a  few  exploratory  tests.  It 
is  therefore  emphasized  that  the  data  here  presented 
are  definitely  preliminary  in  nature  and  of  value  only 
as  guideposts  in  setting  up  more  comprehensive 
experiments. 

Compressed  packs  of  diced  carrots,  shredded  cab- 
bage, and  egg  powder  were  employed  in  the  tests. 
Details  of  packing  are  given  in  table  28. 

The  lime  used  met  the  performance  requirements 
established  in  the  studies  on  uncompressed  foods.  It 
was  contained  in  corrugated  paperboard  boxes  large 
enough  to  provide  for  30  percent  expansion  of  the 
lime  on  hydrating;  that  is,  the  space  allowed  was  2.96 
cubic  centimeters  per  gram  (0.047  cubic  foot  per 
pound)  of  lime  present. 

In  setting  up  the  packs  the  lime  containers  were 
placed  at  the  bottoms  of  rectangular  cans  measuring 
3  by  5  inches  in  horizontal  cross  section.  Two  or 
three  of  the  compressed   food    blocks,  each   wrapped 

8  Experiments  on  the  rate  of  moisture  removal,  correlated 
with  the  degree  of  protection  against  high-temperature  stoi  i 
showed  that  calcined  lime  in  t it; lit  1\  woven  canvas  bags  or  in 
strong  fiberboard  cartons  is  a  satisfactory  desiccant  foi  uncom- 
pressed dehydrated  foods,  provided  it  is  so  prepared  as  to  meet 
the  following  minimum  performance  requirements:  The  pack- 
aged lime  should  increase  in  weight  by  not  less  ill. m  58  5  per- 
cent in  48  hours  when  placed  in  a  closed  conlamci  OVCI  a 
satin. lied  solution  ot  sodium  bromide  al   24°   I  '  .  in  addition  to 

being  reasonably  permeable  to  watei  vapor,  the  lime  containers 

must  lie  silt-proof,  resistant  to  abrasive  action  under  shipping 
conditions,  and  of  sufficient  \olnmc  and  strength  to  withstand 
the  pressure  exerted  by  the  expanding  mass  ot  hydrating  lime. 


Tabi  e    28. — Comparative    moisture 
densities    of    1 -pound    blocks    of    con  I 
carrots,  cabbage,  and  egg  powder  pat  ■ 
desiccant 


Initial 

\ppi  oxii 

Food 

moisture 

dimension 

content 

block 

Pounds 

per  cubic 

Percent 

Inches 

foot 

Diced  carrots  '  . 

5.5 

»y  3  by  5.  . 

i  abbage  flakes 

4.3 

2  by  3  1.-. 

Egg  powder.     .  . 

5.  1 

1  .v  3  by  5    . 

1  Size  of  dice  approximately  \  l>\  %  l>\  1]..  inch. 

in    medium-weight    kraft    paper,    wen-    then    tirjhtlv 
packed  in  the  cans  with  the  3-  b)    5-inch  bit*  k 
faces  facing  the  desiccant  container.    The 
between  block  and  can  sides  was  verj  small,  so  that 
the  conditions  were  similar  to  those  that  would  prob- 
ably obtain  in  packs  of  commercial  size.      I 
mum  distance  from  the  food  to  the  top  of  the 
5-inch  desiccant  containers  was  cither   two  or  three 
times  the   thickness  of  one   block,  depending   on   the 
number  of  blocks  in  the  container.    One  can  !"■ 

of  the   compressed    packs   was  equipped   with   a 
cock  so  that  it  could   lie  evacuated,  and 

was  hermetically   scaled  at   atmospheric  press 
soldering  (he  lid.     1  he  tightl)  fitted  Mocks  pre> 
collapse  of  the  evacuated  cms. 

The  e»»-|)owder  packs  were  stored  at  room  ten 

attire    and     the    vegetables    at     100°     1         I  I 

temperature  was  used  for  the  egg  powder  • 
qualit)  deteriorates  \<t\   rapidl)  at  higher  I 
atures,  particularly  w  hen  it  <  ontaii  - 
ture.     At  regular  intervals  the  blinks  \ 

from    the  cans  and   weighed  to  determine  the   I 
moisture.      I  he\    were   then   immediate!. 

the  containers  in  the  original  order  am 

continued    after   l  (establishment    o\    the 

ditions  imposed  at  the  ou  >  iho 

e\  acuated  cans  was  reduced   ti 

mercurj   at   the  start  oft  D 

di  \  ing  rates  for  the  \  arious  pa< 

table 

In    the    tests    the    pa< 

the  fumes  i>(  soldei  ing  and 

each  time  the  bio. 

weighed;  it  was  then 

attempt  to  e\  alt 
Howe 

inth<  ■ 


Table  29. — Moisture  contents  of  food  blocks  stored  in  sealed  containers  containing  calcined  lime 
Compressed  Cabbage  Shreds  Stored  at  100°  F. 


Moisture 

content x 

Davs  in  storage 

Vacuum  pack 

Air  pack 

Bottom 
block 

Percent 

4.  3 

3.0 

2.3 

1.8    (1.3) 

Center 
block  2 

Top  block 

Bottom 
block 

Center 
block 

Top  block 

Percent 

Percent 

4.3 
3.0 

2.  3 
1.8    (1.3) 

Percent 

4.3 

Percent 

4.  3 

Percent 

4.3 

i  i 

3.  5 

2.6 

2.3    (1.7) 

4.2 

3.4 

3.0    (2.7) 

4.3 

/m 

4.3 

3.5    (3.3) 

Compressed  Egg  Powder  Stored  at  75°  F. 


0.  . 
2.  . 
6.  . 
11. 
24. 
45. 
79. 


5.  1 
2.5 
1.9 
1.5 
1.4 
0.  5    (0.  9) 


5.  1 
2.7 
2.0 
1.7 
1.  5 
0.6    (1.  1) 


5.  1 


4.6 


3.6 

3.3    (3.3) 


5.  1 


5.1 


5.0 


5.1 


4.5 

4.3    (4.2) 


5.0 

4.7    (4.6) 


Compressed  Diced  Carrots  Stored  at  100° 

F. 

o                       

5.  5 
4.4 
3.6 

5.5 
4.  4 
3.6 

5.  5 
4.6 

3.7 

5.5 

5.5 

5.5 

3 

11 

14 

3.9 

4.7 

5.2 

18 

3.3 

3.  3 

3.4 

27                                                          

3.2 

3.9 

4.4 

32 

3.  1 

3.  1 

3.2 

57                                                  

2.9 

3.5 

3.3 

63 

3.0 
3.0    (3.1) 

2.9 
2.9    (2.9) 

2.9 
3.0    (3.  1) 

82 

105 

2.6    (3.3) 

3.2    (3.5) 

3.1    (3.4) 

The  initial  moisture-content  figures  and  the  final  figures,  shown  in  parentheses,  were  determined   by  analytical  methods; 
other  values  were  calculated  from  weight  losses  of  blocks. 

2  Only  2  blocks  of  cabbage  and  egg  powder  were  vacuum-packed  in  a  can,  with  no  clearance  between  blocks. 


sive  studies  previously  conducted  on  uncompressed 
dehydrated  foods  indicate  that  under  certain  condi- 
tions the  use  of  the  lime  desiccant  with  compressed 
products  will  permit  considerably  longer  storage. 
For  instance,  the  rate  of  drying  in  all  three  evacuated 
packs  containing  compressed  blocks  appears  to  be 
sufficient  to  produce  a  very  beneficial  effect.  The 
same  tentative  conclusion  appears  to  be  applicable 
to  the  compressed  diced  carrots  and  shredded  cabbage 
packed  in  air.  However,  the  rate  of  drying  obtained 
at  75°  F.  with  the  air-packed  egg-powder  blocks  is 
believed  to  be  too  slow  to  have  any  material  effect  on 
storage  life. 

The  data  given  in  table  29  show  that  for  the  air 
packs  the  drying  rate  decreased  as  the  distance  from 
food  to  desiccant  increased,  whereas  for  the  evacuated 
packs    the   drying   rate    appeared    to    be    practically 
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constant  regardless  of  the  block  position.  Thus,  for 
nonevacuated  packs  it  would  be  advisable  to  avoid 
long  distances  between  food  blocks  and  desiccant. 
In  packing  5-gallon  containers  this  distance  could  be 
kept  small  by  placing  a  flat  pad  containing  the  re- 
quired amount  of  desiccant  between  every  two  or 
three  layers  of  blocks.  Possibly  this  procedure  would 
also  be  advisable  for  evacuated  packs  in  which  the 
conditions  differ  from  those  in  the  tests  considered 
here.  It  is  doubtful,  however,  whether  it  would  be 
practical  to  evacuate  large  containers  unless  they 
were  made  of  material  that  prevents  buckling.  On 
the  other  hand  it  may  be  that  only  partial  evacuation 
of  the  containers  will  lead  to  satisfactory  acceleration 
of  drying  rates  and  that  large  containers  of  conven- 
tional design  can  be  used  if  tightly  packed. 
Obviously,  the  space  occupied  by  the  lime  desiccant 


reduces  the  amount  of  food  that  can  be  packed  in  a 
given  container.  Simple  calculations  readily  give  the 
approximate  reduction  incurred.  A  5-gallon  can  of 
compressed  diced  carrots,  for  example,  if  allowance 
is  made  for  10  percent  of  unused  space  (loss  at  top 
and  corners),  will  contain  39  pounds  of  material  in 
block  form  when  the  block  density  is  65  pounds  per 
cubic  foot  and  no  desiccant  is  added.  If  lime  des- 
iccant  is  added  at  the  rate  of  13.9  pounds  per  100 
pounds  of  food  and  0.047  cubic  foot  of  space  is  allowed 
for  each  pound  of  packaged  lime,  there  will  be  72.4 
percent  of  the  can  space  available  for  the  compressed 
food.  Then,  making  allowance  for  a  10-percent  loss 
of  space  in  placing  the  blocks,  the  5-gallon  can  will 
contain  28  pounds  of  food  and  3.9  pounds  of  lime. 
Thus  the  desiccated  pack  contains  28  percent  less 
food  than  the  undesiccated  compressed  pack.  Never- 
theless, considering  that  uncompressed  diced  carrots 
are  conventionally  packed  without  desiccant  at  the 
rate  of  20  pounds  per  5-gallon  can,  it  is  apparent 
that  the  compressed  pack  with  the  desiccant  represents 
a  considerable  improvement. 

PEACETIME  COMPRESSION 

It  is  still  not  possible  to  tell  just  how  profitable 
compression  of  dehydrated  foods  may  prove  to  be 
in  peacetime,  but  in  certain  situations  and  condi- 
tions it  would  be  of  decided  advantage.  During 
World  War  II  the  prime  objective  of  compression 
was  reduction  in  bulk  in  order  to  save  shipping  and 
storage  space,  and  in  peacetime  this  is  still  a  prime 
consideration.  Satisfactory  warehouse  space  for  the 
storage  of  food  is  likely  to  be  expensive,  and  it  is 
often  inadequate.  Wherever  compression  is  feasible 
warehousing  costs  can  be  reduced,  and  compactly 
packaged  units  make  for  ease  and  economy  in  handling. 

Under  sonic  conditions  compression  of  food  would 
reduce  transportation  costs.  The  bulk  of  uncom- 
pressed dehydrated  products  is  so  great  compared 
witli  their  weight  thai  a  standard  railroad  car  will 
not  handle  a  minimum  carload  and  a  ship  cannot 
be  loaded  to  the  standard  stowage  factor  of  40  cubic 

feet  per  ton.  Most  compressed  products  are  suth- 
ciently  high  in  density  to  permit  a  much  closer 
approach  to  ideal  rates  of  loading. 

Another  advantage  of  compression  is  that  an  im- 
pervious package,  which  is  essential  to  long  storage 
life,  can  be  provided  more  readib  and  cheapK  for  a 
product  of  high  density  than  lor  a  bulks  one. 

Compressed  food  would  be  particularly  advanta- 
geous where  high  temperatures  prevail.  Experi- 
mental evidence  shows  that  the  higher  the  storage 
temperature,  the  shorter  the  useful  life  of  the  dchs- 


drated  product.  If  prevailing  temperatures  are  so 
high  that  cool  or  cold  storage  must  be  provided,  com- 
pressed products  obviously  have  an  advantage  be- 
cause of  the  smaller  space  required.  This  svould  hold 
true  for  foods  handled  by  warehouses,  ships,  and 
trains  in  tropical  and  semitropical  regions.  The 
compressed  products  would  also  be  particulates 
adapted  to  use  in  mining  or  other  camps  far  removed 
from  ready  sources  of  food  supplies,  and  their  com- 
pact form  would  facilitate  their  transportation  in 
unsettled  regions. 

High  density,  however,  is  but  one  of  the  considera- 
tions that  will  determine  the  future  of  compressed 
foods  as  standard  peacetime  commodities.  For  com- 
pressed dehydrated  foods  to  succeed  they   must: 

1.  Be  palatable  svhen  reconstituted. 

2.  Have  high  nutritive  value. 

3.  Have  a  pleasing  appearance. 

4.  Be  easy  to  prepare. 

5.  Maintain  desirable  properties  for  a  considerable 
length  of  time  svhen  stored  in  available  facilities. 

6.  Be  available  in  units  adapted  to  the  needs  of  the 
consumer. 

7.  Be  reasonable  in  cost. 

Where  these  requirements  are  met  by  the  manu- 
facturer of  compressed  dehydrated  food,  a  market  for 
his  products  ssill  be  assured. 

UNSOLVED  PROBLEMS 

Some  of  the  problems  encountered  during  the  com- 
pression work  could  not  be  solved  because  of  limita- 
tions of  time,  personnel,  and  equipment  and  the 
complexity  of  the  factors  involved.  It  mas  be  useful, 
however,  to  knosv  what  these  problems  ate.  even  if  the 
solutions  must  assail  further  ssork.  Considered  as  a 
whole,  the  problems  fall   into  two  groups      those  that 

concern  the  design  of  equipment  and  the  development 

of  processing  methods  that  ssill  make  commercial 
production  economically  feasible,  and  those  that  apply 

to  the  development  of  processes  that  ssill  improve  the 
quality  of  certain  products.    Particularly  deserving  of 

studs   in  any    further  researches  are: 

1  The  conditions  that  ssill  permit  compression  at 
shorter  dwells  than  used  in  these  studies. 

2.  Precompression    conditioning    operations,    with 

special    emphasis    oil    equipment    required    for    estab- 
lishing uniform  distribution  of  moisture  in  freshly 
hs dialed    products,    and   optimum    temperature,    hu- 
midity, cmc,  for  each  commodity. 

3.  Improvement  of  equipment  used  to  restra 
pansion  o(  blocks  during   post-compression  - 

Holding    presses   used   in   tins  operation   should    be 

such  design  that  a  minimum  oi  hand  laboi    - 


4.  Development  of  presses  that  will  enable  com- 
pression to  be  carried  out  rapidly  and  economically. 
In  this  connection  the  following  questions,  together 
with  a  discussion  of  the  factors  that  must  be  taken 
into  account  in  answering  them,  are  pertinent: 

a.  What  changes  in  design  are  required  to  increase 
the  production  capacity  of  conventional  types  of 
block-forming  presses? 

The  present  custom  of  conducting  mold-charging, 
pressing,  and  ejecting  operations  in  a  single  position 
between  the  pressing  platens  prevents  the  attainment 
of  high  production  rates.  It  would  seem  possible  to 
develop  a  press  in  which  the  pressing  operation  only 
is  conducted  between  the  platens  while  filling  and 
ejecting  operations  on  other  integral  molds  are  being 
simultaneously  carried  out.  A  design  incorporating 
a  circular  table  that  rotates  stepwise  in  a  horizontal 
plane  and  contains  three  mold  boxes  disposed  at  120° 
intervals  may  be  a  possibility.  Each  movement  of 
the  table  could  move  the  three  molds  successively  to 
the  charging,  pressing,  and  ejecting  positions. 

b.  Can  press  costs  be  reduced  by  simplifying  design? 
It  was  found  that  results  with  molds  of  the  floating 

type  are  not  significantly  better  than  those  with  fixed- 
mold-box  types.  Molds  of  the  latter  type  are  simpler 
and  cheaper  to  construct  and  therefore  preferable  for 
food-compression  work. 

In  compressing  materials  other  than  powders  it  was 
found  that  grooving  of  molds  is  not  essential  provided 
satisfactory  clearance  is  maintained  between  the  male 
die  and  mold-box  walls.  It  is  consequently  believed 
that  this  elaboration  is  unnecessary  when  the  press  is 
to  be  used  for  compression  of  materials  of  moderately 
large  piece  size. 

Hydraulic  presses  are  desirable  in  food-compression 
work  because  they  can  be  provided  with  simple  means 
for  accurate  control  of  applied  pressure.  However, 
they  are  generally  slow  acting,  and  any  attempt  to 
increase  rate  of  ram  travel  by  hydraulic  means  results 
in  much  higher  equipment  costs.  Since  it  appears 
that  ram  travel  can  be  very  rapid  when  compressing 
properly  conditioned  materials  other  than  powders, 
and  since  production  capacity  increases  with  an  in- 
crease in  the  rate  of  ram  travel,  it  would  appear  desir- 
able to  design  a  food  press  in  which  the  ram  is  moved 
by  hydraulic  means  over  the  final  portion  of  the 
stroke  only.  In  such  a  design  the  ram  would  be 
moved  very  rapidly  through  the  low-pressure  portion 
of  the  stroke  by  a  lever  or  knuckle-joint  mechanism, 
and  the  high-pressure  portion  of  the  stroke  would 
then  be  completed  by  the  usual  hydraulic  means. 

c.  Are  radical  changes  in  compression  equipment 
desirable? 
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For  example,  it  may  be  profitable  to  develop  a 
forming  press  that  produces  a  continuous  sheet  of 
compressed  material  and  subsequently  reduces  the 
sheet  to  rectangular  pieces  which  could  be  packed 
layerwise  in  the  distribution  container.  A  few  pre- 
liminary experiments  have  indicated  that  wafer-thin 
blocks  (about  one-fourth  inch  thick)  can  be  formed 
successfully  from  vegetable  strips  or  dice  without 
excessive  fragmentation  and  that  these  disintegrate 
very  rapidly  in  water. 

5.  Further  development  of  equipment  and  methods 
for  compressing  powders  and  noncohesive  materials 
directly  in  the  containers  used  for  distribution. 

6.  Development  of  commercially  practicable  molds 
of  the  vacuum  type  for  rapid  compression  of  pow- 
dered materials. 

7.  Development  of  containers  in  which  compressed 
rectangular  blocks  may  be  efficiently  packed.  The 
conventional  round-cornered  can  is  not  well  suited 
to  compressed  products.  A  can  with  right-angle 
corners  would  permit  more  complete  utilization  of 
space  and  round-cornered  blocks  would  not  be  neces- 
sary. Since  optimum  block  density  is  different  for 
different  commodities  and  since  density  is  controlled 
by  altering  block  thickness  only,  containers  that 
are  to  be  used  for  several  kinds  of  compressed  foods 
should  provide  for  packing  in  such  a  manner  that 
the  block  thickness  dimension  is  always  perpendicular 
to  the  base  of  the  can. 

8.  Improvement  of  methods  for  compressing,  dry- 
ing, and  rehydrating  compressed  blocks  of  potatoes. 

9.  Suitable  dimensions  and  densities  for  blocks  of 
lesser  and  greater  weight  than  those  prepared  in  the 
investigations  reported  here.  In  supplying  the  civilian 
market  it  will  be  desirable  to  provide  blocks  suited  to 
institutional  use  and  also  to  the  needs  of  the  small 
consumer.  The  densities  and  dimensions  of  the  larger 
and  smaller  blocks  should  be  such  as  to  permit  rapid 
rehydration  without  damage  to  quality. 

10.  The  effect  of  block-cooling  rates  on  product 
quality  and  full  development  of  means  for  economi- 
cally attaining  desirable  rates  of  cooling. 

11.  Rehydrating  and  cooking  techniques  for  best 
table  quality. 

12.  The  comparative  storage  properties  of  com- 
pressed and  uncompressed  dehydrated  foods  from  the 
standpoint  of  nutritive  value  and  organoleptic  quality. 

13.  The  usefulness  of  in-package  desiccants,  with 
special  emphasis  on  the  correlation  of  the  rate  of 
moisture  removal  and  the  degree  of  protection  at- 
tained under  conventional  storage  conditions.  A 
study  of  this  kind  should  include  both  evacuated  and 
gassed  packs.    The  rate  of  diffusion  through  a  gaseous 


medium  increases  as  the  molecular  weight  of  the  gas 
decreases.  Thus,  rates  of  moisture  removal  in  packs 
containing  helium  should  be  investigated,  since  these 
rates  will  be  greater  than  for  a  heavier  gas,  such  as 
nitrogen,  where  the  rate  of  diffusion  through  the  gas 
is  the  factor  that  controls  the  rate  of  moisture  transfer 
from  food  to  desiccant. 

14.  Methods  for  compressing  vegetables  and  fruits 
that  are  only  partially  dehydrated  and  subsequently 
frozen  and  stored  at  subzero  temperatures;  that  is, 
compression  procedures  for  "dehydrofrozen"  prod- 
ucts (J). 

The  need  for  solving  these  remaining  problems  de- 
pends mainly  on  the  degree  to  which  the  demand  for 
dehydrated  foods  will  be  maintained  in  time  of  peace 
and  the  possible  occurrence  of  another  emergency 
wherein  large  quantities  of  dehydrated  products 
would  be  required. 
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